US010451329B2

a2 United States Patent (10) Patent No.: US 10,431,329 B2
Kagen 45) Date of Patent: Oct. 1, 2019

(54) REAL-TIME SYMPTOM ANALYSIS SYSTEM (56) References Cited

AND METHOD |
U.S. PATENT DOCUMENTS

(71) Applicant: Steven L. Kagen, Appleton, WI (US) 6.023.223 A 2/2000 Baxter. Jr.

7,676,384 B2 3/2010 Baker et al.
(72) Inventor: Steven L. Kagen, Appleton, WI (US) 8,123,683 B2  2/2012 Stupp et al.
9,805,163 B1* 10/2017 Panch ............. GOGF 19/325
K
(*) Notice: Subject to any disclaimer, the term of this 2003/0036683 Al 22003 Kehr oo G06F6 éggég
patent is extended or adjusted under 33 2006/0069915 Al*  3/2006 Koeda .................. GO6F 21/126
U.S.C. 154(]3) by 926 days. 713/168
2008/0091730 Al 4/2008 Jung et al.
(21) Appl. No.: 14/633,631 2008/0287746 Al 112008 Reisman
2010/0312745 Al* 12/2010 Tabak ..................... GO6F 17/18
: 706/52
(22)  Filed: Feb. 27, 2015 2010/0318424 A1  12/2010 LaValle
2011/0184250 Al 7/2011 Schmudt et al.
(65) Prior Publication Data 2012/0041778 Al1* 2/2012 Kraft ........co..ooeeeinl, GO6F ;g@g
US 2015/0242586 Al Aug. 277, 2015 2012/0084092 Al* 4/2012 Kozuch .................. G06Q 50/22
705/2
2012/0209082 Al 82012 Al-Ali
v 2012/0253139 Al 10/2012 Maman et al.
Related U.S. Application Data 2013/0085345 Al 4/2013 Geisner et al.
: e g 2014/0114680 Al 4/2014 Mills et al.
(60) 5;01;1811041131 application No. 61/945,466, filed on Feb. 5014/0736677 Al 27014 Soluti:ma
’ ' (Continued)
Primary Examiner — Reginald R Reyes
v g y
(31) gljt';ﬂ(jl-]O/zO (2018.01) (74) Attorney, Agent, or Firm — Butzel Long, PC;
M Gunther J. Evanina
GO6F 19/00 (2018.01)
GI16H 50/30 (2018.01) (57) ABSTRACT
(52) U.S. CL A system and method for presenting real-time health infor-
CPC GI16H 10/20 (2018.01); GO6F 19/324 mation administers virtual questionnaires, automatically
2013.01) G16H 50/30 (2018 01 determines a user health status, and presents a visualization
( ); ( ) p
: : : to a user 1mdicating a likelithood of a symptom occurrence.
(58) Field of Classification Search 5 e _
CPC GO6Q 50/24; GO6Q 10/063; GO6Q The system and method presents results of the analysis to a
"""""" 10/0631 4; GO6Q le /02; GO6Q 16 10635 user to predict health risks, analyze user symptoms, connect
AGIR 5 100; AG1B 5 /01: AGIB 5 /02; users with medical professionals, and provide marketing,
A61R 5/7445- AG1B 5/021: A61B 5/024- oflers. The results may be presented as text, graphs, station-
j AGIR 5/0%16 ary maps, and/or animated maps.
See application file for complete search history. 20 Claims, 9 Drawing Sheets

130-3

# A

1203




US 10,431,329 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2014/0244296 Al1* 8/2014 Linn .............ccoeee.. G16H 40/20
705/3
2014/0372133 Al* 12/2014 Austrum ............. GO6F 19/3475
705/2

* cited by examiner



US 10,431,329 B2

Sheet 1 of 9

Oct. 1, 2019

U.S. Patent

130-1

LT Ry

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

S 30
R
m ;v ;
] R |
S oo I |
eed 1Y |
e
mi. ||||||||||||||||||||||||||||||||||||||||| i

A T T T T T T T T T T T T T TTTTTTToTTT—TToTTTTTTTTTTTTTTTTTTT

I I S R T T
e L L

1 .
ns._\.... ......1.-. . 1-1.1.-.....1...
’ 1
" . ......\\.\ ' -\\\
..... . l .
% ....-... ﬁ.v.x
h v
._.' 1.“-._-“.._.-
-
.-
.—‘..ulu -y, r//{
.....
’ 0
1
1
L
—-
L
[ ]
i
»
4
PR
..._._.I.J._.r
T
"
L
1
+ N
,.,
.1; “
F]
P
) -
E i . .
. 2
b
.___.
i
1 1
]
]
d
...-...
s
A | | | | |
2 L = ..~ X o o
'.. - ] xrur:rnr!r.nrlru?:”x.r .
E . e — _-__. "y
! - - ’
—.l.l...l..l.u“ln.-.lnl.- oy i W — 1= T .
T y ,; |
y o P el 5 - .
dr e A o re=d =T ) - J
.\\... -..\\;“ -—— T -
rl I e e el el el e PR
&
%
L
N
L
H
L
Ll
*,
1
A
{
.__._. .
r
w




U.S. Patent Oct. 1,2019 Sheet 2 of 9 US 10,431,329 B2

[ R e e R R e T i T e e e T e B T e e i T e T e T e e e e T e o e e e e e e e e e e e e T e o e T e e e e T e e e B B T R e T el T T e T e e e e e e S R R R e e R e e e I I B L T T R N T I I I O T R R T R ]

- AN R REE TR EEE AR AR AR ThE rh R ek A AR R AL ARA R AL T I AT AAALRIAMAAE NI AANANL T E NI AEAA TN EARENAREN L L EE AT N AR EE LN E R R RSy iy i i, b i b fed e chon e S P o ke h S b e q....hq._q-_-.ﬂ"__.ﬁ-_“"_hﬁq‘l...a.dﬂp.-_mum.‘n_n_umnn‘m_._“_H“nn‘nt_mnﬂumld

\ . 1
L L]
- k
)
)
- [ ]
1 L] nh
. : : rﬂF-hiﬂw+ﬁbFﬁ*ﬁvrmw?vﬂ}--uuu---'-rr++ﬁ*ﬁﬂﬁ'ﬂ'u--‘--uu;uhuuuuuauuuuu“uahﬁ :
. r
. N 1 [ ]
. r : 1
] r 13 {- - 1 :
' :}
. -
. L [
. . X }-,._5 : :
- L]
L] 1
- L] I .
. . ) L]
. L e e R R R I e e N T e S T T N PRV N L A SE A | L]
! :
L]
- 1
. 1
M l-‘---‘--huﬁhhh%\-111h5hhu--'-.--uuhb&ih-"-hh'uuhh»h--'a-hwuuh-'h--wh-h-'uwﬂmthnihhlﬁiihhh-'h--'.-'hh-+wa$1%hﬁfhhﬁ%--}---"---'-‘--'-r-qhkwhhhv-Hh--;'-‘-'-q----‘--"--r'----'---T--;--4----.,4.+.+1i,*ﬂ }
L
. 1 ’ 1
1 L] 1
M .
' F i , L] 1
. T :: a [
r . ﬁ . . N
. - L] b ] .
. i Lo . 1 )
‘ ] L] N
M ] L] 1
" r 'y L
' ! 1 L
v . 1 .
i : It ramdmd it rf A E s mrE Lt T T A A b R R r T r A T Akt T T A A A A R A A A LR A IR R R ATl A R AL R T kA I T A T T AT A L LA E T A A A A L kAT I TR LI AT L I AT T NI AT ETEAEALAE R ASAETEETEL LI E R LA R N : ]
-4 L1 ) - '
1
d : L} , : , : - L
L] L] : :?1 L
d 1 ¥ ) . R " ) N L
[ r [ - HH: ) 1. L
i 1 ] i . 4
. 1
] : L} B R R N o L R I R T R i i T L e . : .
] ] : L] . : 1
- : F * . 4 ! : : : Y
4 -4 r [ L]
i . 2 1 """'li - ¥, 1 i N
: 4 : L : . ﬂ ] i, 1 1 N
. ; a .
L] [ - M | ] ' L]
L] . . I
L L] : r - -y . - et -y . . . \
- L] r 1 L] 1
. F ' . ¥ ", 1 1 1 :
L 1 1 ' : 1. . 1 | 1
r L] v - . ) L] 3 1 :
. . L] ' . n L] ' 1,
L i 1 L - 1 . 1 H
. ‘ ] . ¢ W 1 . L
n, 1 T \ 1 . ]
L 1 4 ' § . 4 r
3 B . L . . ' ;
L . 4 . : . r ] " '
k. i \ . "- 1 . N .
L3 1 L . N " 1 v v .
3 . L . : L 1 r N, .
1 i b . N i k 1 E
1 1 ] . r " 3 L " E
a L 5 1 > ' 0 1
1 v LY . " b . - N b
i Voo : 1 . h : : .
1 Y 1. ' . L L - \
1 . 1 v £ ' h - - Y
k] 1 L ' " ’ v . iy !
L Iy L . " . ; : .
1 iy I . " . , 5 ' M
3 L L r LN ¥ . : i
. h L ) i ] \ ' : *
H . H e e i e T o o e e e e T T i T e e B T R e T R e e P T AL R e R Tt i T e B i il T S e o e O e e e e L Tk b o O ] - £
. L
5 . 1 : t
7 L " ' r
1 L k L }
1 L]
. t " - : :
% L ] EnMd M ATTAAT—AM R URTTTARTA AT AR TARAT T TA RS e AN I ARt AT R At e A e r e A At AN A A L A R R T T N T R R Py . ' N
a . L] - * 1 L - ]
a L A - - ] . .. . . .. . . M t
b W H M M ", F s ?11L1-ﬁﬁh1N?L-ﬂﬂ?ﬂﬁﬁ1‘1‘1%“‘%‘ﬂﬁﬁh1 : N . £,
H . 1 1 3 it . r ¥ L -
L] - 3 .
1 1 c . ﬁ..E ‘} : ¥ Jﬁ . . . 1 ' . : :
: v . - ; - ey : -2 j L Lo . ' :
a - . . r . £
1 + . k) . . L L .
* P 1 ] . 4 L
H 1 ' H » ﬁ; L .
F * 1 . L E : . ) - . r - £ ¥
1 : 1 ' ﬁ 3 . [ r i r LR
4 ' 4 Ll > C . L] : : : 1
1 ] 1 ' ' ] . ] . . . e
- ' 1 - 1 ) . . . . i i,
i k * * 1 1 ) 1 1 1
] . » . a ] . . i : N }
L 4 ] ] ]
. ] ]
’ : + * " 1 - : 4 : :
N T ] N .
] E] 1 ’
L N L ] 1 1 4 1 . \ L]
T § L - . ! r 1 r B L :
a . H " L] < 4 N N L
. . b 1 r 1 : . . LY
N r ! . ! i ] - C . r E
i . . ] : . . it \ : 3
H . k ] . N L E . *
' Lo : - : P . : :
L C } . = 1, : C 1 b n
N " N ' 1 f B O e R T e e A e k R L L B R Rk TRy E. ' : r
- . M -
" ] 1 ! " ™ L] L r {
:- L] :' Ty N e S L T T T Ty T L YLy Bt rAd Rl e AT e r T E T A s TR A R T T T T AT T T AE T E LA L ET TR R AT R AEEGAE RS ETEESEE S rasmsraned . '3 '
a . .
1 - i . : [
% t 1 'y 1 :
! + i . ) . "
T t N 1 i, .
: L L :
. < e g By B B e, e g g g L gyl ey g sy e,y g, b, ey ey b, g gy by, ey o g oy by g g ey oy By e By e, g B Gy e By e g gy b b e G L A L R L R L e e L e R A L A R Al A L A e B Ly ey B ey e By By g g g, i, iy B gy, g B,y ke, g g ok, ey g ey ey e g g, gy T b e b T e T e e ey R e e R b et b e el T .
3 1
1 . L]
F 1
i : : : :
I : £ .
1 : H N
L
: : = 4
< Y .
v . x }
. .
: ] I--------1---#--------'--------*-------\------'---bi-i-F'i-i---i-i-i-hi-ibﬁ-i--l-4i-i-*--l-l-ﬂ-i-*--l--I---I--I--I-i-l---i-bl--i'r‘r-l-*-*-*-*-ﬂ-l-‘--l-iri-l-i--rr-h-i-i---.---.-----.r--.---.----_---------‘-'----‘-‘-----"--L--------L--n-‘-wq_ E :
b, : L : 1 F
. . | - L] .
: [ wy - : ;
1 : 4, - r
1 e . y ¥ k
L N ] - )
L b N : .
H 3 1 ' : L]
. L 1 "
5 . 1 L AT TE R TR, R R R T R e R TR W ey P A A R L R I L R L ey : :
L = I . L N 1
L : L ] ) 1 3 : :
L] v L FR - L 3 5
L] . 1 - 'H} Fﬁt i L a . . ! : :
y L M W+ % e X . . .
1 - b - 5 " o J . L 1 L] L
L h‘1hqy - - . . . 4
] % Ll L e R T R e L R R e I R L | ' B ] L B ] . . .
] i ] . . C 1 ]
1, ; 4 ! " . . X . - L] 4
L hy ¥ 1 . ' . . Y N r + L
. A . ' "R J% w : . . . 4 - ] [
3 . 3 r *am . 1 1 . a : : v
1 . .
: 1 . : ., L] ) : : } : N X |
] ] - L .
. \ . . . L] ", s ! a : }
r ' § [ ] . q ] L r . L
3 4 ] L] . 3 N ]
" . . 1 "
] . . - . . " »
. . ] ] .
" . " ¥ N 1 ] N " . . }
. ] ' N L] 1. ' k ' N 5 L] !
. ] . E]
. ] . : 1 Il-ud-qu-_uql-d-qd-d-u-du g Ay h_ﬁd-'n._i--l-" homd hohom ok Mk b e w k=L ni#ﬁ._'-.*.i_l‘._ln.'-:" . ] 3
] .
[ ] 1 1 N v )
" ! 1 1 4 ! ! 1
L] : r | : : i 1
. p R . N . 4 b
1 i 1 [¥'++ﬁ"mn-'~~rn-vyw-nm+"y+ny'mvn'*vw'+*+n+++-"+q4+h+d+b!ndl' v t 1
1 T 1
. : b thhhauuuuuhuuuuu,1uuuuu4quuuumw‘uuuhhwhuiuMHhmﬁwhu1a+h&hhuh»+hi .PH#WWW%WHH&#%bHHWHhhhh#%—uhiﬁ P N e R R L R TR L Pl i T P i P e T T " £ *
. . 3 . . r
r . + v ! . ) 5 . | g v »
L N ¥ £ . ' . . N . N 1 1
. . . . L
: Lo L Y 7Y : Lo~y -~ : L~ A ‘ : l
u, ' k., " " , X . | _l . 1 a o s 5 N h X
r L F " ¥ :: ) . S LM "} P r S hl'h*_.,.{. . r . t
. . £ . A i, " - ww e e L =+ . e dmin X ' . . g
i. . ] ] . 4 . . . Py - 4 .. 1 ‘l. N r
£ ] 4 T 4 1 H f i ' ¥
k . L3 L} . . . . N N L} "
5 v 5 1, c L L] a 1 . '
., ‘ ., L v . B P N 1 ]
L ' ] I . . N 3 . .: ]
r L] E 1 1 1 1 L I - . 1
¥ M F ks N » . - N : i
5. - . 1 v : . ' - i ]
., . i 1 v ' . ' . : ]
: 1 = ki N ! 1 M L . 1
} L] } 5 n Ek , L < L] ) + :
a " 4 t--\?r---'1--1--.------r--m-q---'-l-r----brv-bbr--rr--hbhbhv'hﬁ : : : : . 1 N
] ' .
= . 3 4
{ 1 1 -y e ey e [F oy T, e By By iy B iy ey s T e ey By e B R e B, e e el T, e e e e e R o T AT e Ko e g B By I e iy s B iy B By By Wy B Ty B e B i e iy oy e e By iy ' i
- * . .s'l_ 1 - L 1
i t . x > r + 1,
y . 1. 3 g : ' * i
o N = 4
! vk 2 “! 3 i 5 : . :
¥ . a2 wh duw L M D2 + . ; !
[ Y + = L} L] H 1
. 3 3 ; . £ 1
; (I . : : : ]
5 k] L .
[ } L ! : " 1 1
1 1 bt 2 N - 1 1 L
] " 1 . ; . “ 1 L
A . L] 3 . ' L
LY : L L : ! i s
1 i r H ] : 1 N
1 . L] ] ] . : L]
* 1 ] E] . . ' L
: LY : Mo i ap e ) o m  m e m e mu m o e L om m m e ke byt ek Y e e e iy Ty e e e e e e e e iy by g . - :
r i L] r v
< .
L] 1 h-i-------1-----;.‘---‘-1‘.‘-{.-‘-ﬂ.--t‘.--H-----‘-v-----‘--v--w--ii,--ﬁﬂ-vn---+-"it---“---ﬁ-t-t----i--j--'ﬁ-mw--------;--1-..----.‘-HH--nﬂ-‘---;-.ﬂan---ﬁntaqq-.;-n-.---;--tyh‘qhhhhhhhh‘hhh :
. 1 .
* - \
. : ' 1
4
: : :
. r L
]
1 E 4
1 ' L
H
]
1
F
]
M
]
1
.
.
]
]
[ ]
i
]
.

- ay i

]
k
r

.

]

]

]

.

L]

1

]

]

+

L]

-

4

.

T

1

]

]

4

E

1

.

4
L e b T ey da - ﬁhhﬁﬁﬂ'hhnuhhhhﬂ‘aqqmuhyqquhﬁrﬂ-hﬁhqumhyh%ﬁumqﬁﬁurhhhmhﬁﬂ‘hhh.‘ -y £

Ty Ry dy by, b b S A R g A A b, i L L A R e gy i Ll iy g s e e e ey E AR e R e R e R TR R R R R R T o TR R R E LTk e et T W TE T P R E T R E W TR W W T Tr R W T T T T W W A FT N M W OE W OR




U.S. Patent Oct. 1,2019 Sheet 3 of 9 US 10,431,329 B2

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

‘.'_WM‘.-'-"'.-"'-"-".-%‘AU-‘J-‘J—U—'—%‘J—U—‘-%‘J—'J—%‘J—'J—‘J—U—'—%‘J—U—'—%‘J—%% g g g ; A
T o o o e e e e e e e e e e e e,

L] #-.‘ N L] * f
e :""'*‘.:, Y
- s

g

s et
- _ W _ W - 1 # ‘ -
'4'4.4‘#':-'?#'_';" II"::E

: t:.
T a
r |._J|
T , I._-I
e b
L
3% :
: s ta
R
RS :
L
o maalacalalala el a nlala e Te el a a n T 0 0 e T Ca fu w a a e T S e e e T e a a aTaa TCTa CaaaTa e T e ST e e T e e e T T e e e T T T 5
. A 1 o)
S . a- ¥
E- . !‘l' 1 'i ::J. ::q
o s e ot}
- . r‘I' 1 'i & &
_E-.. !'l' 'l'l ::‘I t‘
:- i r‘l' b 'i ll" II‘*
o gt o A .
Bn e ¥k
r R g
i Hypersensitivity Test o
. k) : : . 1 I
r ll.‘ -l. -|._J| |._J|
e " a- ¥
o B
& KA v R
e 0 n & - 300a
¢ N PSS
K - e )
N A A et
[ | ll.‘ -l. Y X
- 4 !'l‘ "'i ::‘I t"
:- . r‘l' b 'i 'I" I.‘*
_.-.. r'l' "'l & 4
E- . !‘l' 1 'i ::J. ::q
o s e ot}
- . r‘I' 1 'i & &
n ) N ) v
e A W et
- v
o . a- ¥
e 'y ta- tq
T :llIr :J" 1 ot}
N =N
' K ‘H' -'i 'l" I'*
_.-.. !'l' 1.‘ & 4
E- . !‘l' 1 'i t‘ tq
o s e ot}
- . r‘I' 1 'i & &
_E-.' !'l' 'l'l ::‘I t"
:- . r‘l' b 'i 'I" I.‘*
_.-.. r'l' "'l & 4
E- . !‘l' 1 'i ::J. ::q
o e s e ot}
_.-.. r‘I' "'i & &
_E-.' !'l' 'l'l ::‘I t"
.:' . r ‘H' -'i 'l" I'*
.-.. r'l' "'l & L]
R L | 'I- II'
" o b !
. ) o ot}
r 'll" 1-l‘ 1'1 |'J.
L S oo
e = : )
dw o om R L
A o A " - O ?
e “h o e . n -
e E: E: wr il
e e o ;
: r:: "'i & :::
P " » q
2 S
r :1-: 1ll: P ]
- o A »
T :l: 1ll: » ]
RN % :
e ' . \
r :1-: 1;: » .
e a A ’
- :-: 1;: » 1
o L b N
Pt . : '-: iy t: t:
381a I v
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- o
r :1-' :l. t" t“ )
en nooma
. !'l' 'l'i g ' 1 .
r :“.‘ :". A A 3 0 3 l:
.: ':: 'l:: ::: ::: N - . : - . a
e -~ 1 ot} )
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
e s a- %
e " ta- tl
r !.!' '-'i '|'j |._a
e " a- ¥
e 'y ta- tq
e -~ 1 ot}
R g &
. ::: '::l-:ll_lll:l-:|l:l-:Ill:l-:lll:|-:ll:l-:Ill:l-:ll:|-:ll:ll-:Ill:l-:ll:|-:ll:l-:Ill:l-:ll:|-:ll:l-:Ill:|-:lll:l-:|l:l-:ll:|-:ll:l-:ll:l-:ll:|-:ll:l-:|l:l-:ll:|-:ll:l-:|l:l-:ll:|-:lll:|-:ll:l-:Ill:l-:ll:|-:ll:l-:Ill:l-:ll:|-:ll:l-:Ill:l-:ll:|-:ll:1:!:1-:-:1:-:1:!:1-:-:1:;! . t:
ra . o)
T 'l* 4
e tq
rk -
- :E 1';?:*“ e 'P‘(“. :::
T rk *y -l II‘
o e . N
ek & Y :
ik > K 5
T " kl ': . i
r 1 »
.- ;
LB "

4=
o
_;ﬂ-— _’,'M# L,
rw
‘.‘ I-. -
-
A
e,
-
=",
r
by
[

A
k]
-
-
"y
-
=




U.S. Patent Oct. 1,2019 Sheet 4 of 9 US 10,431,329 B2

3 :
L -
oy )

“r -
r [

-~ .
-

L .
W

- .
r [

Myt et .
ek M
Myt i -
e i N
e e
L t“ -
M i "
e "W

"l'_ B T T R ::-l.
£ - K . 5
» T E: E; :
> TR e N 4
* P P N "W
* i ;:r t" .
* ) * N
R o B o
> . S |
"ot P . ; i R
. Severity Test -
e e . . . ] x R
i ."._ ._.‘ 1. . Fq- t-l -
N i . * R
e " F" ::a -
e P i '
= » i N, ] -
> R E: 3 - 3000
;.1 .ll" r_.ln . ]
o B KE .,...-.p :
v e 4
N o E; ;
* e * N
- P Fa- ta .
* e ” i i N
:I-..| -..“. p"‘. o = c.. t. 1 Flr ..:. .
> el » ) . I . .
> TR :: 3 BN R1814! Y )
'y e ) -y Flr WA
o I e e - - 4
) o - .. M t’u :

- l'_ & r 1'.' Jr =
.y h MmmmmmsssssssmmssssSSssssssssasasamaa.aaaa . ¥ e
awoow | Y &
~ . e r e EEEE e ————————— J B A h
» g - S 4 ;; )
- o . N RN
By - ) - . X
> P P T F" ta -
* e * 'R
* I " ;a- t‘ .
> I ) : ; Yo N A
. » = i .
- T Q-U e St OO0 2 E: s
;.4 [ K " . W A T e T T - P - . e o . iy e
- ] o . . " - - e W,
3 Z:E: :E: N S . “ u e
b "L A W .t s v X . F:.- XL
" II-: r:ln :. F: t* :
ey g . N N
wwow . . ] ; =
r :' :‘: .' " : ) T ]_ '_J- "“ _I' ": .

R, - .7 * -. u u’ b . M -
r :: ::: - a ) - N - o ) . - -~ e - = ) F: t‘ - o
1 302b
r - L) |'.| . .
%8 . v . I |
A 1 ie3TIoN LR

r » X
LR ::: - e, _ o L T e emma v - '.:I
Tl r JI‘_--. “u.‘ _..-'"' - . . - ) - . - *“'u * .
Aw : W *~. . &
SR / - \ I
a2 ! B N 2y

- e [ ! * .
a2 Eaaa ; Vi
r .". .“ _.-" Iv..|I ," t:

r ."- .{‘ “r . - S .*. - . A
SR e - ™ LR .
e i * tl
M ) . * ]
N o . . 4 * t. .
. . Y. . . r b
. E QJueastion EoORE
4 o N pras N otk e, )

[ * " ”~ “u ,"‘ . . ’ ¥ -
A \ Yy A N N ar N
o R o # 1. - -af ;a- WA
T o - ' et A
SR e . 5
. ."_ b"‘ r FA- ::-i L]

Y » " . .
e ot 2 s —, — o t: .
r l': r:n- '. L3 a 1 i : e :
e o . . "y S L . F,, W
. - e N - - - - - s
. :: r:‘ '||._______-l"'I "4..___1_.- LI IR F: t-l :
il g F" ey N
SR e 1
e e = - * .'a *
r -..“. p"‘. r R . t 5 Flr ::‘ .

L + i L]
LI Q_-U SN At
: :: ::: "..-i' T - ,"'..--. - "'-\..,I_ -.l_-':..- - .“ ‘_..-" - = q...'.‘__' "._.- - - F: ::: :
wa Y e, %)
L by E P = ", L F* 33
e Y Y . = = = = |'.| 1
e " b N X
et e N F’r t& "
e e . * 'R
. :1-'- ) b N --. F,,. t‘ :
CE I RN A
(o L e = F;,. A,
h g x .
Bl KE ¥
e " ;" ::a -
e P N "W
r :"- .'.‘ F* t-i :
wn I . =omE
L Fr o ‘i.._ ..-"', "x‘ ;*_ A
r - 1Y Fi . . W ¥
. o S N . ﬁ A
i o . - L xRN
ol ) - b X
N P 1 i Fq- t‘ .
e e i i * 1 *
e " | 1 ;" i -

Ty » . - X -
o 5 N 5
"Il ) N RN
w3 RO - = 2 ’
w0 wom - I8
o e ;;,- A, ’ ’
r _I‘_: Fl" i .|-i £l
. o I e R - & o
r .". .l.‘ "'-:m F* l._* N
"Il ) S A
r ll" r‘l- K y N L]
e 'y | S U B M I 1 F‘f t. .
e " i .} . 1 | i T
ey e L . Fq- t-l -
e e h ! * 'R
e " ; ;" ::a -

Ty » X -
iR . S S &Y
T o e - F" ey N
SR e 1
e i N .'a :
e " ;" ::a -
e P N "W
. ."_ b"‘ FA- ::-i L]
M ) * N
r :"- .'.‘ E* ::-i :
I L LB S S S )
e "W
L ::" .

L .. .
v O e i Al
A% e R i
"Il o ir A
i & . 3t
L 1;' .'* -

- ) L. .
s S % oy
. :::: :.EJ :: ::: )

1..:2 :: E: o

. ' 5.

Bt
K
e
1:--'!"!II
I ":l‘lh'-t
e
W

) "':"' A » . .;'
-* L . ] . ‘_"I -." k
02 .""":‘I"'\"."'Ir:lr:-{lrfln"""'II u'.il -E' ‘.
- . .
"'rr i, o
h"-'n.:“f- _ R
e e e Y




US 10,431,329 B2

Sheet 5 of 9

Oct. 1, 2019

U.S. Patent

4030
406
403

4035
4/

__._..._- 444444444444444444444444444444444444444444444444444444444444444444444444444444 "
L] J.
v g A TS o o g g g g g g g g g g g g g g g g g g g g g g g g g g g g o g S
4
’1 .:. .. ... . .l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l.. .l..l..l..l..l..l..l..l..l..l..l..l..i.l..i.l..l..l..l..l..‘.‘..'.‘ﬁ..'h-' .l.l..l...‘Hh..'.l..i.l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..*.# .l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l. . . -.u_..-..- .r“..
-
i
.,..f.._ ,_.._.u-
o e e o dr o b i e S i kR X L dr o dr o e de o de e b i b i e b e b e e b e b e e b e b e e e b e e b e b e e e b e e e e e e i i L A o dr & dr & dr o i
.#-4'.- ||||||||||||||||||||||||||||||||||||||||||||||||||||| .u.ulu.u.ull.u.ull.u.lll.u..ll.u.uh&.ﬂ.‘l...uh&.ﬂll.rh&h‘“‘l.u.ull.u.ull.u.ull.u.ull.u.ull.u.ulu.u.ulu.u.ulu.u.ulu.u.ulu.u.ulu.u.ulu.u.ulu.u.ull.u.ull.u.ull.u.ull.u.ull.u.ull.u.ull.u.ull.u.ull. _H_H_ N A EH NS
. [ ]
lu....- ) .I
- ¥ a .II_
N " I
ate - v o
II s N -
T3 -2 ) Tl 0 “nt - - - v
s s . kL +d ]
. - y 3 ...._“- i .-.”.._.”-_._,ra. __.”. T"
T I . “.._l ' e o .II_
r = e e - ...__.._n. ' .-__ ! -‘. i .ll
o (i e TeatS ."_-_
. '.-_ ............. .- - R Y . AT .Il_
[ N ] - s & or o [ ] ')
- n y- e oa .‘I_
BEL : . ) s )
M [3E T -
R s e e e e e e e e e e e e e e [ ...__.._ P 'l ]
'Y I.-_ e g -
[ '“ ........................ b - . .__.._l ' .II
L e
» I.-_ " " ._..‘_.-. .-_1.._“|1 ! .‘l
EER. e : . e st o
» Il ot B a .II_
EE T s s e e e e e e e e e e e e e e e [ Fu s ks Il |
[ - * gl s o [
[N ] h - HENP ik
. [ Satt o
M - St »
- . ' - n -
Bl e e e e e e e e e e e e e e e e e e e e k- r & -+ il |
. P s L .II_
B ' " - “aa P L [
[ I.-_ ................ .- . 1........ 1 |_1 - _l- LI .II
[ N ] .- s b or R | Lk
L] 4 a [ 3 [ ]
BE L L e s e e e e e e e e e e e e e e e k- r & Rl " ] = i}
o W - L R e
", I.-_ I e P — at .II
r .'l 5 - et ..“.._l ' ._... .__.. .II_
r I.-_ .................... B - o e e e e e e e e e Pl N Tr .lI
. .I.-_ .r + l...._.__i .‘I_
r "“ ................... ." .............. mm j|1“““ ” .""
r . . - h
r I.-_ .................... .r .............. HE * M .II
) . i
r I.-_ ..................... .- . . ”.._ ' .ll
. I“ [ ) .__“ r ” ."l_
o '.-_ S .Il_
r e e i
- o -
R e ) ¥
r 'l S - .II_
rhm e e .- Il
Bt 2 oa ¥ - -
B N ) P . i
. atay T »
» s om i)
r .I.-_ R ' gt tat .ll
- P '3 - [}
R A - r Il
r .'l St b _-.-.. |.l. .II_
[ e ' [
", .'.-_ 1.__.._|-. III.I__-._..” .‘I_
M A o ¥
e S i i ]
Nl A v (]
r e e - i
™ 2 -y [
r | ] Y . | il |
Al A -, (]
- S ]
[ A [
rhm e e Il
Bt y- -
M T ¥
o 'l r .__“h . .II
r "‘ . - . : - .‘"
r e v
et L e
r I“ - . ”.._ “a's ."I
. . a
M LS .__Hn \ ¥
Y .M -
rl e i
L] aa ]
] Sa e Il
™ aoa o -
i "a e ’ o '
rhm e e . - r Il
Bt ' - an - n -
B N ) u r'm - i
[ ] A a - .o oan [
i ol W . ¥ " o
r . S e e S ol )
r I.-_ 3 Pt " 'y .II
" . . s o »
r 'l .. X S L .II_
‘a. ".-_ . a .‘"
r . . . . P v
| 'l - ER N .II
Bt ;. A ry
M . L N ....._.._nq.. ]
", .Il - ) .1.._.._|.. .II
r '.-_ . o . S .II_
rhm PR e e Il
Bt . 2 oa -
P . . . Sa e i
- . aoa )
N ) s a I ]
Nl o (]
» . . P Saor e
- ' -
» . P N T )
Al . s (]
2" 3 2 < . .. .20 1 1 5 T e e Il
] - e -
. - . C e ¥
L . r o om o + i)
[ P - - LI [ ]
- ¥ . . 2 r [ 4 - e
» - 2 aa - 'w -
ol . T L 5 Il
) .r1 ...__.._nq. -.-._...- " LI .ll_
™ .-.n. 2 a a . " »
hr e " Aok - ol ]
WX -_-.-_. e *o e
. o [
X L-_. ................................................................... IR .Il_
" 1..-._-.. L "
ﬂ..i.... ____Hl r f4+4t4i4tlt4f4tlt4i4+4t4f4tlt4f4t4t4i4tlt4f4tlt4f4+4t4.._............_......._.........................._......_......._...................._...................._............_......._...................._............_......._...................._................................._......._...................._...................._............_......._...................._............_......._...................._...................._............_......._...................._............_......._...................._...................._............_......._...................._...................._............_......._...................._............_......._...................._...................._............_......._...................._.4tlt4f4tlt4f4tlt4f4tlt4f4tlt4fltltlfltltlfltltlfltltlf [ T S N A N N N T
[ A
.-.lhﬂ ﬂ.”_r -
R
I_1_1|‘.‘.‘|‘.‘.‘.‘.‘.‘.‘.‘.‘.‘...‘.‘.“‘.‘.‘:“.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘:.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.
|It_.l o e N N N N R R R L LR R LR
PR R e e B O B L O B B e e |.1.l.1.l.1.l.1.l.1. E_ I I .1.l.1.l.1.-.1.l.1.l.1...1.!.1..‘ o b A M .1.-.1.-.1.l.1.l.1.l.1.l.1.l..1-. i b b o S b oS S b oS W b b S b0 S b b W bbb bbb b b b0 b b b b b b b b0 b b b e b b b b b e b b b b b e b b b b b e b b e b b e b b e b b e b b e b b b b e b b e b b e b b e b b e b b e b b e b b e b b e b b e b b e b b e b b e b e e .T. L] 1. .T. E




US 10,431,329 B2

Sheet 6 of 9

Oct. 1, 2019

U.S. Patent

A L L N ....................“t“l“l P N N N .__..._..__..__..._.__..__..._..__.._.._._-..__..._..__.__.._..__..__..._..__.._..._..__..__..._..__..__..._.Hl .._........._........._........._........._........._........._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..__..._..__..............4.........“[11.......1.......1.......1.......“1.
M A AT . ,
'I-
.__.__-.-. A, y ! 'l-
r Aa . -
- il ' - W
» - r -
___..-.L __....-.__.._. E | " . - 'I_-
& & » & . L] [
L T * - - - L |
a b s - - e i [}
L L . ]
¥ . ] - P
. " Wi [
) N T . 'l_-
» R - ol
x 1 - 'I_-
-
a » iy ki | ]
aw . P
L L | - L |
Ul B []
T P
- [ 'l-
4 L] [ ]
r . ' |
a .- ]
- - F oy L |
I a i ¥ [ ]
n oy - e " - L |
. L - 4 L] [ ]
4 . - L | L4 L L |
- * » e . -k ¥ ' . - a 3 4 []
- % e L J L] - " L R A L - LI N - - L n Foa . L |
s y r - r N . [ I i L] r - [
- ] * - - r - F3 o * ']
. i . Lo - - 17w Ty - [
r * - ’ 4 i i r r [ ¥ . r . . ’ ' |
T k. F - - 4 4 - -t "
4 & F F & ] r 1 dp ~ o L |
n oa 4 L iy X 4 - - | ]
ww o P L - 5 4 B d
+ * .....- - x5 -~ a .....- 'l_-
- - r .
l.... & .l.-.._..__...-___. LR R N . 1 - -........1.!._1 'I_-
- I F A et "y Y ra a P [y
- r * § 0w . ) - 1 (ol ]
. P . - ' a [ A I - a [}
- et F < 1Tk & F . _..I... -_.- r ] 'l-
. .. a
+ L 4 L] - L] L S EEE N N A T R - 4 L |
l T - A % b F Fmoy oy - 4 %, - e - | ]
L . * - T - L + Ll S dFdd oy oy g g5k L |
4 T b L] e o L d [ ]
r s Iy d * & o d 4 " L |
L L] L] - - ELAE - [
[ LN . . + T LI . b
- [ a . s Fars P T S ']
a - . - - P ¥ + [ - [}
' . - . Fl LA : T u 'l-
a o b “a ’ T * . . -, ol
n T y ! Fl F - - . + b >
' " - * [ a . ']
- a & . ¥ . [
L L] L] L 4 ~ L |
M a ¥+ - . - W o o [
- o x F - a ot P
AT R e a b o wr o ongphoaxrdk ook [ ]
- . ¥ * i 4 > 'l_-
. mor r
- PR . " L |
x N L) I 4 ] [
- .-.Inl.-..-.r.-..r 2 . & 'l-
- I . . f] L |
¥ & 4 . ]
- ¥ * a’ N P b
- ¥ . . 1 D P
- 4 Ll 4 ' [ ]
LI I x . ] . ']
L] L B T Y ¥ & 4 L L] [ ]
- - R E F F bk o X . c A A - aT - ' |
-~ Ll & 4 LF T - ]
'S X ¥ . a - P
- X » ¥ EET A i
- - . X A R e e e g . ]
1 N e x * r T .._..- s s T 'I_-
- . - a -
. Xx .._......r.__...._ .....1.-..__l|.__ v a T ke kwma g o .-..- . 'l-

' N N v ..,v. . R | - o B ™ P

L - T T - L o L |

- - I . . 4 T - [

. ey r " ¥ [N ol

[ Foir oy I a 1 & - [ ]

> 'Y LI . r - - [ -+ B d
- L X a a & - [}
- & P R . r r [ L] L |
e - X a 1 & x []
& - [ r - . * P
" . " . . 4 i -
-
X T L & X [}
L] T T L L B T - L |
X a a 4= b oaon i []
& rodpow g o - - TP ke o g g o L |
X Pt 1 ' D Sk s r []
- " = oo . - ']
» ] . 4 ¥ oy [
. - » - 2 ¥ + ' i 'I_l
a TR . " . n &l Y L]
- & n - - 4 * - F [ ]
F - ¥ R ) - - 1 - ] ']
LI ¥ x5 .- . & - - ] * [}
- b * + moxd A'F b oy . 1 a & . ] ' |
[T . X P "k omoa . ' * - L P []
& L x F - o L] L T 4 4 = F - T ar |l L] L |
=T oa ) I =k q - . LI . »* - [ ]
- (U - - - a, a4 m " a4 a ¥ - ']
“ X LI a D W TR o - b - [}
» . T, - [ TN W 'I_l
- - - ] " ’ s I ' |
X P . F * + r ™ N - []
'Y - - X . ! [ | S B d
& . I . . = P u ¥ Lo- " | ]
- . . o JEFC e AT L ]
- - -7 ’ - “ 1 ol
oo ’ ] 1] - [ ]
- - o oa .o 1 r »> ']
P e * F . [}
- - ...l re 'l-
L L] 1 L |
L] - a - - -r 'll
e . -
- . - W 'll
2 o oa . 4 (]
- ma L
.._.-.__.l. 'I_l
P |
T e '"-
L |
[ ]
L |
L]
L |
[ ]
L |
- . . F a X xa . [ ]
X 3 Y -

et ' i N ar a oy S ata? ! ., e ......_..r.._..._..r........__. . 'I_-

e Lt - n oa ko k kor & ko ks ra a kN r - r i - 'y P

"k a k1o FFOFFF ' F b ko4 oa L P A T hw EeL I o [ ]

a1 - » o i i & X A x o L a ka F ey oxoa . oo ] ']

| - R R ka o ' w b b aroroa a2k s a e " nom b Foa rh [ - [}

. ] For b b b b h oaoa ' aar s ar n Faa ks . 4. - o X . . ' |

. - L ' .r.....r......_ a2 a P s a X W L A a g ........ ! .- -. - 'I_-
- ' - - 2 a a r -

*a s " ' T e aT F "k A nr T Ty Ta'a T " rm [ ]
- - ¥ P 1 - a - . r - - dr i e Y ] - ']
ok ] ¥ = b A e ¥ - i [ ]

. [ ']

o a (]

LI e

L |

i 'il
e e i i P —_.-_.-_I-_I.-.Ill.-_lil.-_lll.-.lll.-_lillﬂ.

r
L

N e eemcmcem-e--e;;ec-------e---sse----------s-sseses, ~emmmmmemmsmme--s-m-mm-mmsmmemmssm---mmmemmsmme--s-s-snn-

504 -




=
Lo T~
W

US 10,431,329 B2

* : L
o AN N N N N N Y R I N N I Y N N N Ny N Y N Y NN Yy NN
.-.-"l-ll-ll En E e R R R R R R R R R R R R e R e R R R R e R R R e e R R e R R R R R R R R e R R R e R R R e e E E E R e R e e e e e e e e e e g e e R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Fdr dr dr dr b e dp dr dp dr dr dp dr dr b dr b dr o dr e dr b dr b e dr dr dr dp dr Jp dr Jr b dr b e dp r dr e dr b g by dp dr dr dp dr dp dr dr e g b e b WO e dr b A b dr dp dr & ok & o & K b & B o Jr o & b ok & J e b b dr dr e U dr b dr b e dr r dr e dr b dr b dr dp dr dr dp dr Jp dr dr b dr b e dp dr dr e dr e & b dr dp dr dr dr dr dr dr b A b e dp r dr e o b & b e dr dr dr b dr dr b ko b b ke b e dr b o
A FEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFnFEnE . A FEEEFEESESFEEESENEEENEEEFEFE IIIII]IIIlIIIIIII]IIIlIIIIIII]IIIlIIIIIII]IIIlIIIIIItttttttttttttttt%ttttt&% .
L] [
. . L
v LR A d BE . ok 4 - ¥ ..
. ._....__.-..- -.._ L] __..r....__ -.1.-.1.-.. * T ' - . -ll..
. . .-_.-.__.I....._.. - P N y X “u [ 3 -l.-..
T - & -l o [ W FF g ox - a - .. = P
T [, o > q P | PO " - - F P 9 [
L] 1 o L] w ko 1 4. % LI 4 4 LI r
r | Y [ | v q = .1}.-_!. g l} . - - * = e - -Il..
L] f?... o 'y . [ - - - - ERL] L] M N ' ol
Th ] L ! al q __.h - i aa® e .-_.._.. " - O e \ ' -I.-..
T LA T L WL o . I L] . . e [ B a3
L = a. L q e = e B 5 = ' . 1 . - - .
- T & d *d , &K 1 . - = .- ’ L n - A r
v Rl TR ) qi .-..-. 1 LI - . i L o L a -‘l..
r T f q 2 h . .4. ...._.._.... o r -..-.._ o .- n - -I.-.. r
. .rf/ r | q . . 1 . - koo & i Y . .
- T 4 & 4 4 L | L N L T - r i
L] 5 - qi * * . o B Ll .t .._ - a - - r
PR 1 S & [ r I ] . - - I [ r
r " ..____...- [ I ] - 1] * 1] IO JCRE W . ' . - i oa . [ .
- F r & + Ll - i L N N . L4 T r
[ - . r q . . r ] - ¥ B b & kdr FOFF g - ' N . ok ~ [ r
- L] [ ] 4. E W dr o dpo g o g F ) * rr | - r
L -5 + qi » - - L | A » a - a .o o [ N
. I * & ¥ - x5 -+ » I - d * r
r .._.._..._. [ q "'y a a2 - " - koW ] & ) s 4 . . r
a a - d T - L L] - - & [ ] - - »
T . - ” q ..._ . * » F - -_. » ._.. 5 l.._ -ll. . .
r —e . qi . - - & - & ' " m [ r
2 .._,.____ &, [ . - m o + * L
T ] . q . "~ - By d - - 1 - - r . M [ "
x . & i - - 4 = d LA | 1 - I | - r i
T . ._....-.- q N rd .._..-. L3 - o+ - .h.-. .r._. = [ 1 et F .-_._ - * a . l_-.. r
v EAR | | Fl e - * - - " T . " ' x - [ - st .
..\.\. L] q * . i i - N T _-.h " e .-.....—_ et 7! b P W W N Al Xx -I-. r
T Yy - [ A aw a eaT - = a T » »T a7 Y P o P
T .. q - T4 * R - FF [ 3 » F a ar . 1 5 * - .
m..r - ) - 1] - * ] - » Fow . ¥ om~ I J
r - q - i » Fa a - * N o F a m . » ' 5 [ r
- . [ - - & a F ] i m oy . A | - - &
r b [ na - . L] . I . . x . r Foid om o ot - F o [ .
¥ " r (] 4 wd - - = 1 LA LI | T r
r ] q 1 - . - - e a4k - . [ - . X ] T o . [ r
. L Eal T i h L o " a f N ¥y Ot e
r . qi [ a - ¥+ * — oW a a - am .__. wt . - . .
. " { L i+ o L . .-_. R T m 4 T A ... -.... I._. .-..-_ 1 -Il.. .
L - - - * - 4 - L] L] - * { Tea s - [l
r 1 q .._.._.l.._ - .-.__.1... ¥ - h.-_I.- .___I. = yor [ "
- - - -
T ._ q " .-. d . § LT ...n ...- a - .-_.-. - -‘l.. r
. L L T - » 4 - L - r ¥
r b ] T . - . Nk ram - Ty ] a7 . . .
._r... # v iy & & .._ T N ¥ “ ...r d .-...+ i -ll. r
- LI ' " . I3 . at . TER . r A - e
r PN B [ ¥ s ] P [ - . ¥ [] . [ .
 ow o - r s a . - [ - -y i 1 dd oy oy x5 Pl 3
r .- * aa 1 & o . - L 1 > LI PRI ] a i [ - I [ r
P ] - - ~ r . [ - - - " ™
] -+ wd d L | - § LI R B .4 Ll | L]
- = x F | . - A - W ety ry 2 I J
T L] L] i 1 g - O L L} = v [ r
rd d I ] N I dp - - & &
v 1 r . o ok B LRE MO . . J ll.. T .
e - . . o N T - & Tr oA PR Sl . - ...1!.&]1 L] .l.I.Lll.tI r
- I ] Foaxoir o * " rdr Xy Il | . ] L] .
r ¥ - * * . a ¥ [ - [ " [ . [ .
- b D a i I r 1 . " -~ -I-. X - .
. . st " [ i " ~aa ) ﬂ“.r_. i
r u I . a * & [ uelip . .
. » - - ] r " I [l - _-Il
r PN | . - . .. > [ r r
+ - & - r [ .- L + o r ¥ -
r - F L . I e gt EF N - » - I-.. 1 .II .
- * [ Tl T rh r g § T - . .l-,.-. . ) r
+ - - ™ a [ a o . ro
T . - * ] -_- - ll r N - |l.. [ . .
r * r v [ a By - - r L ' N r
+ - T - * = & r -
\ r . - . 1 & ...__ o . SN L -ll.. . r .
r . . - - ] 1 N x + - - L [ . r
' + - ] T - L] * + r ' r ¥ -
r . r - 1 [ | . in a [ . -_ r [ . - .
+ - L + Lol B | ool r [ ] L r i
r . - - 1 ' + 4 4 omon o a B - [ * & r
t - I r [l 1 - . » - N . T J i
r I - - [] - - . r - . ' ] .
L L L ] - & T = ] - droa
T - - [ B - .- [ ] X a - [ [ W 3 r
a2 r Tk ok ow x o . - " r - x - ¥ [
. Iﬁ « a W” R . a Ve - v ol - " .
r - 1 I r FE * 1 - P d + -
" - - - 'Y a * - . > . [ L"._-. r
4 2 . r - - . r .l L] Il J L
T | 3 - r r - [ - - - [ [ ] “a "
4 - r - a1 & -,y . 1 a ' 3 g -]
" * * _ - - - R [l R AR Y ,! s - lh_. l_'...-. r
. . '
r - . ”u . T om o S N ..._.__ - . "l-.. a..rn o [ .
- - - . . _
r .. X - . - AT . ...._ L I N i - A -I.-.. . .LI-.I.._-_IIII_I..-}_..._I.. r
r H + - ﬂ v - I - 1 = - ' [ .
a [ r - . r ] L
r r r - r - X ] - a ' l.-.. r
o r . + =T T r N N [ - - - L .
._“..h.-_ e - - M Ty, ., 5 r » .__ ] - l.r...-\ .._... . N
“-. 4 " H 1 T T e a . - r » » [ - » r -‘i.. .
& & T L ] b ., ] r
. - T [ = = u u 4] ) - oy o- r & & [ ] - 4 - Foy o [ r
. ' r X - Fod sy I X 1 - - [ .
" | ] r T L ] L] r i
A r . [ - r - X ] x [ r
- r - - . [ -~ r ¥
r . . - r & Pl ) SRR | ] . [ .
r r e [ Y | - P
] - [ 4 - 4 L B T & r | r
- T - L 3L P F ooy o & L] - L 3
r T - r a | ] [ ] ] 4, [ .
r - = i . L L L
T . - T L] = F L] | r
T - & - " L r
L] - r [ | = oo = [ .
T A & a m r i
L] - L [ | . ko [ r
L 4! - 4 - L
L} . . L L] T L] L] L) L]
L T .  * r i
] - i - LIE L] | r
" . . e . T . ' r [ -‘i.. .
A g Ha ol =n ul
T - LK T T L r
r r ip a r ¥
r g . ¥ r [ .
" t o r &¥ r
& - r &
r W . r [ .
- -I .
T |+.-. + T -I.
.o . . .
T - hm .-.._r.._...__ + v ]
.__..._. L] CILE T | . r . r
a W - + - r
r * a . i r [ .
a4 - t + F * r i
r * - . . [ .
1 ¥ ¥ P »
v . . R . - .
L L . - oo - |
r . T F . - & . & .
] ¥ o = [t
T ) R + o S
. 1] . .
. T i [ ] . + . -I.-.
] 4 B - " * -
b + n xd - r i
t r - - . | - [
) . s ¥ PRC T "»
. \ - + KRG ¥
1 - t S B Ll
r a - - [
. 4 - L] =k -I-.
L
T "_-n.
- N R I I T I N N N O O N N O O O N N I I A Y U N Y N N N N O N N N N O N N N N N O N N N N N N N N N N N N N O O N N N N N N Y N N N N Y N N N N N O N N N N N N N Y N N N N O N N N N O O O I I O O .
L *
R e e e e v

.q._.n.....ﬂ.
e T T AT AT T T DT T AT T AT T T T A T T T T A AT T s T T ST AT s T T T e T T AT T T e T T T T o T T AT AT T oD T T Ao AT s T T T AT TS AT AT

tr - =
) h.-._-.lﬂll e e M e T T 0 N N e e

o L E R KR E R EERERE N RN X | FEFEE 8 FEFE LR R K K E X R KRR R KK E R R R R R R R R R R R L R R R R R R R L R R R R R R R R R R R R R R L L R R R R R R L R R R R R R R R R R L R R R R L R R R L R R R R R R R R R RN
' .i:ktkktkktrrr*t%rr*t&#%kktk%k.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.rkrtkktkrtkktkrtkrrkktkrtkktkrtkrrkktkrtkrtkktkrtk:|I
a

U.S. Patent



U.S. Patent Oct. 1,2019 Sheet 8 of 9 US 10,431,329 B2

e e

L]
L}
x, S
o
M“'- -
.................................................

*. -
’-
*.
'.
*.
k]
+
L

_____________________________________

5602
-
5603 Q&N
SEOS e
SEOE |
........................................................... ;
5607
i =
/ \
i g
i SHOE |
3 )
H"'-H___ o ’




U.S. Patent Oct. 1,2019 Sheet 9 of 9 US 10,431,329 B2

/ 700

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

4444444444444444444444444444444444444

g g




US 10,431,329 B2

1

REAL-TIME SYMPTOM ANALYSIS SYSTEM
AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of provisional patent
application Ser. No. 61/945,466, filed Feb. 27, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a system and method for
providing health analysis. Specifically, the present disclo-
sure relates to a symptom analysis application and method
for creating, analyzing, imndividualizing, geo-locating, and
displaying information regarding symptoms of allergy,
asthma, sinus headaches, migraine, arthritis, and other medi-
cal conditions induced by a person’s unique responses to
environmental exposures to allergens, air pollutants, and
weather elements instantaneously 1n real time.

2. Description of Related Art

A large proportion of the population suflers from allergy
symptoms. Allergic reactions are typically caused by the
interaction of a person’s immune system with external and
environmental factors. For example, foreign proteins such as
those found 1n pollens, molds, and dust mites may cause an
immune reaction in any person having a particular genetic
sensitivity. If the immune reaction induced by these foreign
proteins involves certain antibodies, the possibility of an
allergic reaction exists.

However, each patient with allergy or asthma 1ssues 1s
unique and will respond differently to different aggravating,
tactors. For example, one person may be very sensitive to air
pollutants but have little reaction to mold spores, whereas
another person may have no reaction to air pollutants but a
severe reaction to pollens.

Allergic reactions may range from mild annoyances to
severe and potentially life-threatening events. For example,
asthma 1s caused by allergic reactions within the airways of
the lungs. If left untreated and uncontrolled, asthma may be
life threatening or result in a form of permanent emphysema.
In order to prevent such long-term eflects, 1t 1s desirable to
predict when and where allergy and/or asthma events may
OCCUL.

However, an accurate prediction requires accurate infor-
mation as to a person’s activities and health. Simply asking
the person about their activities and health introduces a high
degree of subjectivity into the prediction, and therefore
reduces the accuracy of the prediction. Moreover, asking the
person to provide information regarding past events may
introduce hindsight bias or other memory errors, and thus
turther reduce the accuracy of the prediction.

To that end, there exists a need for a system and method
to obtain both subjective and objective information, in
real-time, regarding a person’s health. Moreover, there
exists a need for a system and method to correlate this
information with environmental data for the person’s par-
ticular location, also in real-time. The proliferation of
mobile devices (such as smartphones) provides a possible
path to such a solution, but i1s fraught with difliculties. For
example, nefliciencies arising out ol existing tools may
result in increased bandwidth and/or computational foot-
print. Moreover, existing tools may be unduly invasive,
leading potential users to reject them. These challenges,
particular to the Internet and the field of mobile-device-
assisted health monitoring, make 1t difficult to provide an
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ellective solution. To overcome such a problem specifically
arising in the realm of computer networks, a solution nec-
essarily rooted 1n computer technology must be developed.

BRIEF SUMMARY OF THE INVENTION

A system and method provides an application, such as a
soltware application, for aggregating and analyzing data
from multiple sources to support a presentation of informa-
tion regarding an individual’s symptoms of allergy, asthma,
sinus headaches, migraine, arthritis, and other medical con-
ditions by accumulating data; performing various calcula-
tions to the accumulated data; and outputting a data visual-
ization for the symptom analysis based upon the results of
the calculations.

In an aspect of the present disclosure, a method of
presenting real-time health information 1s described, the
method comprising: administering by a user interface asso-
ciated with a mobile device a virtual questionnaire; auto-
matically by a processor associated with the mobile device
determining an instantancous user health status; and pre-
senting by a display associated with the mobile device a
visualization indicative of a likelthood of a symptom occur-
rence, wherein determining the instantaneous user health
status 1ncludes at least one of determining a location stamp
from a location determination circuit associated with the
mobile device, determining a timestamp from a clock asso-
ciated with the mobile device, determinming a severity score
from a user mput at the user interface, and storing the
instantaneous user health status 1 a data store associated
with the mobile device.

In another aspect of the present disclosure, a system for
presenting real-time health information 1s described, the
system comprising: a data store; and a mobile device
coupled to the data store and programmed to: administer by
a user interface associated with a mobile device a virtual
questionnaire; automatically by a processor associated with
the mobile device determine an instantaneous user health
status; and present by a display associated with the mobile
device a visualization indicative of a likelthood of a symp-
tom occurrence, wherein determining the instantaneous user
health status includes at least one of determiming a location
stamp from a location determination circuit associated with
the mobile device, determining a timestamp from a clock
associated with the mobile device, determining a severity
score from a user input at the user interface, and storing the
instantaneous user health status in the data store.

In so doing, various aspects of the present disclosure
provide for improvements in the underlying technological
field of real-time health monitoring via a mobile device, as
well as related technological fields. Moreover, various
aspects ol the present disclosure provide for increased
ciliciencies in the use of computer resources such as pro-
cessor time and memory, as well as Internet resources such
as bandwidth and server overhead.

The present disclosure can be embodied 1n various forms,
including business processes, application-specific computer
implemented methods, computer program products, com-

puter systems and networks, user interfaces, application
programming interfaces, and the like. The foregoing sum-
mary 1s intended merely to provide a general overview of
various aspects of the present disclosure, and 1s not intended
to limit the scope of this application in any way.

DESCRIPTION OF THE DRAWINGS

These and other more detailed and specific features of the
above aspects are more fully disclosed in the following
specification, reference being had to the accompanying
drawings, in which:
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FIG. 1 illustrates an exemplary system in which a symp-
tom analysis application operates;

FIG. 2 1illustrates an exemplary modular schematic of a
symptom analysis application;

FI1G. 3A 1llustrates an exemplary sensitivity questionnaire 5
interface generated by a symptom analysis application;

FIG. 3B illustrates an exemplary symptom questionnaire
interface generated by a symptom analysis application;

FIG. 4 illustrates another exemplary interface generated
by a symptom analysis application; 10
FIG. 5A-35B illustrate another exemplary interface gener-

ated by a symptom analysis application;

FIG. 6 illustrates an exemplary process tlow of an imple-
mentation of a symptom analysis application 1n an analytic
mode thereof; and 15

FI1G. 7 illustrates an exemplary process flow of an imple-
mentation of a symptom analysis application in a monitoring,
mode thereof.

DETAILED DESCRIPTION 20

A system and method provides for aggregating and ana-
lyzing data from multiple sources to support a presentation
of mnformation regarding symptoms and environmental fac-
tors (1.e. allergens, weather elements, pollution, etc.) through 25
an interface.

For example, the system and method may aggregate
symptom data (for example, user data and/or environmental
data) into a data structure obtained from a user and from
multiple databases and/or environmental sensors and, upon 30
user input, appropriately weight and combine the data to
generate sub-scores and a risk score that reflects the users
unique risks of experiencing symptoms ol a given medical
condition. The system and method may further transform the
data and scores into a visualization for presentation to the 35
user.

User data may include real-time user data and historical
user data. Real-time user data may be recorded on a form, an
example of which may be an application-generated ques-
tionnaire, that provides multiple sections with multiple data 40
fields, each field containing data that may contribute to a
symptom score. Historical data may include a database of
previously-collected real-time user data. Examples of user
data fields include, but are not limited to, data regarding
allergy and asthma symptoms as will be described in more 45
detail below.

Environmental data may include real-time environmental
data and historical environmental data corresponding to
characteristics of the user’s local environment. Examples of
characteristics and characteristic types include, but are not 50
limited to temperature, humidity, wind speed and direction,
pollen levels, mold spore levels, virus prevalence, wind,
precipitation, ozone levels, particulate matter levels, and
other environmental factors as will be discussed 1n more
detail below. Environmental data may be stored in a public 55
or private database, including databases operated by the
United States National Weather Service (NWS), Environ-
mental Protection Agency (EPA), National Oceanic and
Atmospheric Administration (NOAA), and others, and may
be public domain and/or proprietary. 60

Thus, 1 an operational example, the system and method
may be utilized to aggregate into a data structure user and
environmental data, accumulate values on a characteristic
basis for specific health conditions from the data structure,
curate the values to output scores and visual data for 65
presentation through an interface. In this manner, the inter-
face may present a comprehensive and comprehensible

4

assessment of a user’s unique risk for experiencing various
health conditions that would not otherwise be available.

FIG. 1 illustrates an exemplary system 100 that includes
a symptom analysis device 101 having a central processing
unit (CPU or “processor”’) 103 and a memory 102 on which
a symptom analysis application 110 (hereinafter referred to
as application 110) 1s stored. System 100 further includes at
least one user device 120-1, 120-2, . . ., 120-n (collectively
referred to as user devices 120) and at least one data source
130-1, 130-2, . . ., 130-m (collectively referred to as data
sources 130). Although not expressly illustrated, user
devices 120 and data sources 130 similarly include respec-
tive processors and memories.

For example, 1n response to receiving an input from a user
device 120, the symptom analysis device 101 may utilize
application 110 stored on memory 102 to aggregate data
relating to allergy symptoms and aeroallergens from one or
more of the data sources 130 and/or user devices 120 (e.g.,
via a communication link). The particular operation of
application 110 will be described in more detail below.

The exemplary user device 120 and/or data source 130
may be any computing system and/or device that includes a
processor and a memory. In general, computing systems
and/or devices may employ any of a number of computer
operating systems, including, but by no means limited to,
versions and/or varieties of the Microsoft Windows® oper-
ating system; the Unix operating system (e.g., the Solaris®
operating system distributed by Oracle Corporation of Red-
wood Shores, Calif.); the AIX UNIX operating system
distributed by International Business Machines of Armonk,
N.Y.; the Linux operating system; the Mac OS X and 10S
operating systems distributed by Apple Inc. of Cupertino,
Calif.; the BlackBerry OS distributed by Research In Motion
of Waterloo, Canada; and the Android operating system
developed by the Open Handset Alliance. Examples of
computing devices include, without limitation, a computer
workstation, a server, a desktop, notebook, laptop, or hand-
held computer, a cellular phone, a smartphone, a personal
digital assistant (PDA), a tablet computer, a remote sensor
network, a weather radar device, or any other computing
system and/or device. Here, the exemplary user device 120
includes a location determination circuit such as a satellite-
based location circuit (e.g. GPS) or a cellular-based location
circuit (e.g. via triangulation); a clock; a display; a user input
device such as a touchscreen or a keyboard; and a data store
such as a memory chip or memory card.

Computing systems and/or devices generally include
computer-executable instructions (e.g., application 110),
where the instruction may be executable by one or more
computing devices such as those listed above. Computer-
executable instructions may be compiled or interpreted from
computer programs created using a variety of programming
languages and/or technologies, including, without limita-
tion, and either alone or 1n combination, Java™, C, C++,
Visual Basic, Java Script, Perl, eftc.

A processor, such as processor 103, may include pro-
cesses comprised from any hardware, software, or combi-
nation ol hardware or software that carries out instructions
of a computer program by performing logical and arithmeti-
cal calculations, such as adding or subtracting two or more
numbers, comparing numbers, or jumping to a different part
of the mstructions. For example, the processor 103 may be
any one of, but not limited to single, dual, triple, or quad core
processors (on one single chip), graphics processing units,
visual processing units, and virtual processors.

The exemplary system 100 and exemplary computing
devices may take many diflerent forms and include multiple
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and/or alternate components and facilities, e.g., as illustrated
in the description provided below. While exemplary systems
are shown and described, the exemplary components 1llus-
trated 1n the figures are not intended to be limiting; indeed,
additional or alternative components and/or implementa-
tions may be used.

Furthermore, the processor of computing systems and/or
devices may receive instructions from the memory (e.g.,
memory 102) and execute these instructions, thereby per-
forming one or more processes, including one or more of the
processes described herein (e.g., the operations of aggregat-
ing, accumulating, evaluating, weighting, curating, trans-
forming, and/or presenting information). Such instructions
and other data may be stored and transmitted using a variety
ol computer-readable media, such as memory 102.

Memory 102 may be, 1n general, any computer-readable
medium (also referred to as a processor-readable medium)
that may include any non-transitory (e.g., tangible) medium
that participates 1n providing data (e.g., mstructions) that
may be read by a computer (e.g., by processor 102 of devices
101, 120, and/or 130). Such a medium may take many
forms, including, but not limited to, non-volatile media and
volatile media. Non-volatile media may include, for
example, optical or magnetic disks and other persistent
memory. Volatile media may include, for example, dynamic
random access memory (DRAM), which typically consti-
tutes a main memory. Such structions may be transmitted
by one or more transmission media, including radio waves,
metal wire, fiber optics, and the like, including the wires that
comprise a system bus coupled to a processor of a computer.
Common forms ol computer-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic
tape, any other magnetic medium, a CD-ROM, DVD, any
other optical medium, punch cards, paper tape, any other
physical medium with patterns of holes, a RAM, a PROM,
an EPROM, a FLASH-EEPROM, any other memory chip or
cartridge, or any other medium from which a computer can
read.

In some examples, the elements of devices 101, 120, 130
may be mmplemented as computer-readable instructions
(c.g., software) on one or more computing devices (e.g.,
servers, personal computers, etc.), stored on computer read-
able media associated therewith (e.g., disks, memories, etc.).
A computer program product may comprise such instruc-
tions stored on computer readable media for carrying out the
operations described herein.

Devices 101, 120, 130 may generally be any electronic
hardware that includes a memory 102 and processor 103 and
1s capable of receiving and processing inputs (e.g., user
entered data that provides indication of a selection of a field
or mstance of a user interface as described below) and
sending/recerving electronic data transters (e.g., via wired or
wireless communication links) to and from the systems that
include those nputs.

Devices 101, 120, 130 may further include a display,
support interfaces, and/or communicate within the exem-
plary scheme 100. A display 1s an output device for presen-
tation of information in visual or tactile form, such as
interfaces or web portals. Examples of display may include,
without limitation, cathode ray tube display, light-emitting
diode display, electroluminescent display, electronic paper,
plasma display panel, liquid crystal display, high-perfor-
mance addressing display, thin-film transistor display,
organic light-emitting diode display, surface-conduction
clectron-emitter display, laser TV, carbon nanotubes, quan-
tum dot display, interferometric modulator display, and the
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6

generate and/or present interfaces or a web portal to a user,
such that the user may interact with and receive information
from other computing devices 120, 130 or the symptom
analysis device 101.

In general, a network (e.g., system 100) may be a collec-
tion of computers and/or other hardware to provide inira-
structure to establish virtual or physical connections and
carry communications. For instance, a network may be an
infrastructure that generally includes edge, distribution, and
core devices and enables a path for the exchange of infor-
mation between different devices and systems. Furthermore,
a network may utilize any conventional networking tech-
nology and may, in general, be a packet network (e.g., any
of a cellular network, global area network, wireless local
area network, wide area network, local area network, or
combinations thereof) that provides the protocol infrastruc-
ture to carry communications. System 100 1s merely repre-
sentative, and thus while a single cloud illustrates central
symptom analysis device 100, these illustrations may rep-
resent a single network, a combination of different network
components and technologies, and/or a plurality of networks
as described above.

Individual communication links may utilize any antenna
technology, such as cellular, Wi-F1, near field communica-
tion (NFC), Bluetooth®, or the like, which 1s used to
exchange data wirelessly using electromagnetic waves.
Alternatively or in combination therewith, individual com-
munication links may utilize wired connections, such as
metal wires, fiber optics, and the like. As such, devices 101,
120, 130 may further include, without limitation, network-
ing hardware such as gateways, routers, network bridges,
switches, hubs, repeaters, multilayer switches, protocol con-
verters, proxy servers, firewalls, network address translators,
multiplexers/demultiplexers, network interface controllers,
modems, ISDN terminal adaptors, line drivers, networking
cables, input/output ports, and the like.

While exemplary system 100 as particularly illustrated
shows the symptom analysis application 110 as residing on
a centralized symptom analysis device 101, this disclosure 1s
not so limited. In particular, application 110 may reside
wholly or 1n part on one or a combination of user devices
120, for example as a downloadable application. As such,
application 110 may be run wholly by a processor contained
in a user device 120, or may be run 1n a distributed fashion
(for example, by cloud computation) across several user
devices 120 and/or centralized symptom analysis device
101.

FIG. 2 1illustrates an exemplary symptom analysis appli-
cation 110 and database 220 stored on a memory 102 of any
of the devices 101, 120, 130 as described above.

Application 110 1s configured to process allergen infor-
mation. Application 110 includes a data accumulation mod-
ule 211, a calculation module 212, a presentation module
213, and an interface module 214, which 1s configured to
generate a user interface 215. Although one particular modu-
lar breakdown of application 110 (and database 220) 1is
illustrated, one of ordinary skill in the art will recognize that
the same functionality may be provided using fewer, greater,
or differently named modules. For example, any two or more
of the above modules may be integrated with one another
into a single module.

Individual modules 211-215 may manage the dispatch
and receipt of data/information along with other applications
and/or drivers, as necessary per operating system. A driver
may be a computer routine that controls a particular physical
component of a device or a peripheral (e.g., a printer,
display, mput device, or the like) attached to the device.
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Thus, an 1ndividual module may manage and translate
input/output requests mto data processing instructions for
the central processing unit (e.g., processor 103) and may
include a set of executable instructions that i1temizes and
implements the data structure, object classes, and variables
that interact with the drivers to operate physical components
and that launch routines and/or programs (e.g., send and
recelve 1nstructions, data, and/or information to and from
individual modules, applications, and/or devices).

Data accumulation module 211 includes a set of execut-
able structions configured to perform accessing and accu-
mulating operations. Data accumulation module 211 1s pret-
erably configured to access a plurality of databases (e.g.
database 220) and records contained therein and prepare
information contained therein for future access as will be
described 1n more detail below.

Calculation module 212 includes a set of executable
instructions configured to perform weighting and calculating
tunctions. Calculation module 212 1s preferably configured
to receive data from data accumulation module 211 and
perform appropriate calculations as will be described in
more detail below.

Presentation module 213 includes a set of executable
instructions configured to perform presentation, display, and
notification functions. Presentation module 213 1s preferably
configured to receive calculations from calculation module
212, apply a rule set to the calculations, and selectively
output results to a user as will be described 1n more detail
below.

The mterface module 214 may be an application program-
mable interface that includes a set of executable instructions
for generating and managing user interfaces 215, which
receive inputs and present information. For instance, the
interface module 214 may be configured to generate, pres-
ent, and provide one or more user 1mterfaces 215 1n a menu,
icon, tabular, map, pop-up, grid format etc. (e.g., as 1llus-
trated 1n FIGS. 3-4) 1n connection with other modules for
presenting information and receiving inputs (e.g., indica-
tions of altering, updating, or changing the codes, profiles
characteristics, and/or user preferences on records). The
inputs received by the user interfaces 215 may generally be
communicated by interface module 214 to the other mod-
ules, which may in turn forward the 1nputs to the still other
modules for processing.

User interfaces 215 may include any presentation of
information or data, such as suggested information or search
results, through a display (as described above), whether
graphically or otherwise, where interaction between a user
and application 110 1s necessary or desired. Examples of
user interfaces 215 may include a data manipulation inter-
tace, a graphical user interface (GUI), a touchscreen inter-
face, a text-based interface, etc. User interfaces 215 may
receive mputs mdicating user selections and/or user mnstruc-
tions, €.g., mputs indicating codes for translation into plain
language by user interfaces 215. User interfaces 215 may
also 1nclude any presentation of information or data through
frame, fields, banners, 1cons, badges, alerts, sounds, text, or
any combinations thereof. A frame may be a reserved space
of an interface that presents alphanumeric text and/or
graphical items presenting records and may also be a mecha-
nism for receiving nput that causes the application 110 to
perform additional operations. A field may be a reserved
space of an interface that presents alphanumeric text and/or
menu 1tems records and may also be a mechanism for
receiving input that causes the application 110 to perform
additional operations. A banner may be a media or drop-
down menu that extends from a top portion of an interface,
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a sub-interface, and/or display and that may include text,
badges, and animated symbols. An icon and/or a badge may
be a number or symbol that signals a link, an event, or a
number of events. An alert may be a pop-up window that
may be oriented within the display (e.g., centered) and that
may include text, badges, and animated symbols.

Thus, the mterface module 214 may generate new and
unique user intertaces 215 particular to the application 110.
That 1s, the 1interface module 214 may also commandeer or
utilize interface formatting local to the device in which
application 110 1s stored. The interface module 214 may also
provide remote interface formatting for a device in which
only a portion of application 110 1s stored (e.g., providing
web portal interfaces for user devices 120 through which the
symptom analysis device 101 may provide information and
receive inputs). The interface module 214 may thus generate
or utilize local, terminal, web-based, and mobile interfaces
and any similar interface which presents and receives infor-
mation relative to the devices 101, 120, 130.

Database 220 may be a data repository or other data store
that includes any type of data structure, source, and/or file
system that manages and stores records, such as records
221-1,221-2, . .., 221-m (collectively referred to as records
221), which 1n turn may comprise subrecords 222-1,
222-2, . . ., 222-n (collectively referred to as subrecords
222) described below. Database 220 may further include
various kinds of mechanisms, including a hierarchical data-
base, a set of files 1n a file system, an application database
in a proprietary or open format, a relational database man-
agement system (RDBMS), etc., for storing, providing,
accessing, and retrieving various kinds of data. Data may
include the records and the information contained therein.
The records may further be i1dentified by metadata or an
identifier, such as a file name, 1dentification number, and/or
other information unique to the record.

Each individual record 221 may correspond to user data
for a particular symptom (1.e., an allergy), or to environ-
mental data for a particular characteristic of the environ-
ment. Records 221 may respectively comprise a plurality of
subrecords 222. A particular subrecord 222 may correspond
to a historical data point for the particular record 221 to
which subrecord 222 belongs. For example, record 221-1
may correspond to user data for environmental pollen count.
In this example, each subrecord 222 belonging to record
221-1 may correspond to a previous measurement value of
the environmental pollen count. That 1s, subrecord 222-1 in
this example may be a measurement value of a specific local
environmental pollen level one day ago; subrecord 222-2
may be a measurement value of the environmental pollen
level two days ago, and so forth.

Each such data store may also generally be included
within or external to a computing system and/or device (e.g.,
devices 101, 120, 130) employing a computer operating
system such as one of those mentioned above, and/or
accessed via a wired or wireless network or connection 1n
anyone or more of a variety of manners. A file system may
be accessible from a computer operating system, and may
include files stored 1n various formats. A database (such as
an RDBMS) generally employs the Structure Query Lan-
guage (SQL) 1n addition to a language for creating, storing,
editing, and executing stored procedures, such as the
PL/SQL language mentioned above. Thus, devices 101, 120,
130 may include, for example, at least one of a weather
database, public record database, user history database,
medical professional database, etc.

Furthermore, although FIG. 2 illustrates an example
wherein modules 211-215 are present within a single device,
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individual modules may be distributed across multiple
devices. For example, data accumulation module 211 and
calculation module 212 may be present on a centralized
symptom analysis device 101, while presentation module
213 and interface module 214 may be present on a user
device 120. Similarly, although FIG. 2 1llustrates database
220 being present within the same device as application 110,
database 220 may be separately configured. For example,
database 220 may be present on a centralized symptom
analysis device 101 and/or a data source 130, while appli-
cation 110 may be present on a user device 120. By
extension, portions of database 220 and individual modules
of application 110 may be commonly or separately distrib-
uted across several different devices 101, 120, 130; for
example, to allow for cloud computation or increased data
security.

FIG. 3A illustrates an exemplary questionnaire interface
300a (1.e., a “virtual questionnaire”) generated by applica-
tion 110. Interface 300a 1s a query interface configured to
determine 1ntroductory characteristics of the user, such as
the user’s sensitivity to environmental stimuli.

Application 110 1s preferably configured to administer a
questionnaire via interface 300a to a user as an 1nitial matter;
for example, the first time a user runs application 110.
Alternatively, application 110 may be configured to admin-
ister the questionnaire again at a later date; for example
yearly or seasonally. Moreover, application 110 may be
configured to administer the questionnaire again upon user
request; for example, 1f the user has recently experienced a
major life event such as severe 1llness, pregnancy, moving to
a different region, and the like. The questionnaire may be a
global questionnaire configured to query the user’s health
across a plurality of symptoms.

Interface 300a administers a plurality of queries 301a. In
the exemplary 1llustration of FIG. 3A, interface 300a admin-
isters queries regarding sensitivity to a plurality of different
stimuli. The user responds to queries 301a by selecting from
a plurality of responses on an input form 302qa. Where a
particular query 301a requires a single response, mput form
302a may be, for example, a radio button, a pull-down
menu, a text box, or the like. Where a particular query 3014
permits multiple responses, input form 302a may be, for
example, a checklist or the like. Here, mnput form 302a 1s
shown as a pair of connected radio buttons for each query
301a; for example, corresponding to a question with a
Yes/No answer. In this manner, the user may select (for
example, via a “tap” operation) the bubble corresponding to
the appropriate answer to query 301a. Preferable queries
301a query a user’s sensitivity to sunlight, perfume, exhaust,
smoke, cold air, and the like. Additionally, queries 301a may
query whether a user experiences certain conditions, such as
cold or clammy extremities, mid-day sleepiness, migraines,
ticklishness, indigestion, changes during ovulation, and the
like. Moreover, queries 301a may query whether a user
performs particular acts, such as taking very hot showers.

Once a user has completed the questionnaire, the user may
submit the completed questionnaire by selecting a submit
button 303a. Once submit button 3034 has been selected,
application 110 may store the responses, send the responses
to a database of the type described above, perform calcula-
tions or manipulations on the responses, present the
responses to the user, or the like. For example, application
110 may analyze the responses to calculate an overall
hypersensitivity score for the user. This score allows appli-
cation 110 to more accurately predict the user’s responses to
weather, pollutants, irritants, pollens, mold spores, and inter-
nal chemical changes within their body. Additionally, appli-
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cation 110 may further determine whether there are addi-
tional questionnaires to be completed, and may present these
additional questionnaires to the user for completion 1n a
similar fashion.

FIG. 3B illustrates another exemplary questionnaire inter-
face 3000 (1.e., a “virtual questionnaire”) generated by
application 110. Interface 3006 1s a query interface config-
ured to query a user regarding the user’s subjective disease-
specific symptoms.

Application 110 1s preferably configured to administer a
questionnaire via interface 3005 to a user at a predetermined
interval; for example, daily or weekly. Alternatively, appli-
cation 110 may be configured to administer the question-
naire upon user mput. The questionnaire may be unique to
specific disease-related symptoms, or may be a global ques-
tionnaire configured to query the user’s health across a
plurality of symptoms.

Interface 3005 administers a plurality of queries 3015. In
the exemplary 1llustration of FI1G. 3B, mterface 3005 admin-
isters queries regarding medication, nasal congestion, runny
nose, itching, sneezing, mucus, and the like to determine the
severity of the user’s allergies. The user responds to queries
30156 by selecting from a plurality of responses on an 1mnput
torm 302b. Where a particular query 3015 requires a single
response, mput form 3026 may be, for example, a radio
button, a pull-down menu, a text box, or the like. Where a
particular query 3015 permits multiple responses, input form
30256 may be, for example, a checklist or the like. Here, input
form 30254 1s shown as a number of connected radio buttons
for each query 3015b. In this manner, the user may select ({or
example, via a “tap” operation) the bubble corresponding to
the appropriate answer to query 3015. For example, if a
particular query 1s “Did you sneeze today?” a user may
select from bubbles corresponding to “Never”, “Rarely”,
“At times”, “Often”, or “Extremely Often” as appropriate.

Once a user has completed the questionnaire, the user may
submit the completed questionnaire by selecting a submit
button 30354. Once submit button 30354 has been selected,
application 110 may store the responses, send the responses
to a database of the type described above, perform calcula-
tions or manipulations on the responses, present the
responses to the user, or the like. Additionally, application
110 may further determine whether there are additional
questionnaires to be completed, and may present these
additional questionnaires to the user for completion 1n a
similar fashion.

FI1G. 4 illustrates an exemplary visualization interface 400
generated by application 110. Interface 400 1s a graphical
display configured to apprise the user of historical data
regarding environmental and/or user factors.

Application 110 1s preferably configured to present data
via interface 400 upon request by a user. Alternatively,
application 110 may present interface 400 upon application
start-up, upon completion of a questionnaire of the type
described above, as a desktop widget for continuous view-
ing, or the like.

Intertace 400 may present data 1n a graphical format, for
example via graph 401. Graph 401 presents historical data
for a particular environmental or user data type individually
or for a plurality of environmental and user data types
simultaneously. For example, graph 401 may present a
previous week’s historical temperature, wind speed, and
pressure, which may be overlaid with a graph representing
the user’s historical responses to questionnaires of the type
described above.

Graph 401 1s preferably created by algorithmically com-
paring symptom scores generated by responses to queries
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(such as those presented by interface 300 above) with
changes in the user’s local environmental factors. Specifi-
cally, graph 401 preferably corresponds to a comparison
between user responses and one or more of precipitation,
temperature, humidity, air pressure, ozone level, particulate
matter level, water vapor, uplift data, helicity, etc. In this
manner, the visual display becomes more accurate over time
when the user regularly completes questionnaires as the
user’s unique and individualized symptom score history
becomes statistically more accurate.

Interface 400 may further include a plurality of visual-
1zation options 1dentified 1n sub-interface 402. For example,
interface 400 may present the user with a list of symptoms,
allergens, data types, or the like, and the user may select the
particular elements to be displayed via graph 401. In the
particular example 1illustrated 1n FIG. 4, sub-interface 402
presents the user with a list of environmental factors to
display: pollen from all grasses, Bermuda grasses, tempera-
ture, humidity, pressure, etc. Individual options contained in
sub-interface 402 may be presented 1n one list or, as 1llus-
trated, may be grouped into categories. In this manner, the
user may expand a list by selecting the appropriate category.

Additionally, iterface 400 may present the user with a
plurality of graph options presented in sub-interface 403; for
example, regarding the length of historical data to display,
the type of graph 401 to display, metric or English unit
preference, notification options, and the like. In the particu-
lar example 1llustrated 1n FI1G. 4, sub-interface 403 presents
the user with a series of time periods whereby the user can
control the length of historical data to display. Additionally,
sub-interface 404 1dentifies specific environmental factors
that have changed 1n association with a simultaneous change
in the user’s symptom scores on that day. Here, sub-interface
403 additionally displays predicted future data for the user’s
symptom forecast, shown as a dotted line corresponding to
tuture dates (for example, 4-7 future days). This predicted
symptom forecast may be based upon a statistical compari-
son of the user’s past severity test scores along with pre-
dicted weather, pollution, and allergen factors.

Additionally, because graph 401 1s based at least 1n part
upon symptoms scores that are unique to a particular user,
graph 401 (i.e., the “Aller-Rhythm™” display) provides a
comparison between objective environmental factors and
subjective user factors that 1s uniquely tailored to the par-
ticular user. Therefore, graph 401 together with sub-inter-
face 404 provides information to the user revealing the
probable cause (or causes) of the user’s symptoms for a
specific medical condition (or conditions).

As 1llustrated in FIG. 4, graph 401 presents the user with
historical data regarding symptom severity (e.g., the “Aller-
Rhythm™” display). Here, graph 401 corresponds to a
particular date range as selected by the user using sub-
interface 403. As such, graph 401 corresponds to a zoomed-
in or blown-up sub-range of the graph displayed in sub-
interface 403. Thus, a user may select a range by tapping or
sliding on sub-interface 403, and the selected range will be
displayed 1n a more detailed view as graph 401.

While the particular graph 401 illustrated in FIG. 4 shows
a period of approximately 11 days and the particular sub-
interface 403 1llustrated 1n FI1G. 4 shows a period of approxi-
mately 1 month, more or fewer days may be shown at one
time. For example, if the application i1s running on a device
such as a tablet, notebook, laptop, or desktop computer,
which has a screen that 1s large compared to the screen of a
smartphone, graph 401 and/or sub-interface 403 may display
an extended time range in accordance with the larger screen.
Thus, a user may be able to easily compare his or her

10

15

20

25

30

35

40

45

50

55

60

65

12

environmental responses from season-to-season or under-
stand how his or her environmental response cycles over the
course of the year.

Furthermore, interface 400 may present the user with a
notification (“information center”) button 405, by which the
user may receirve or be apprised of pending messages,
notifications, warnings, alerts, links to pertinent information
within application 110 and/or elsewhere online (which infor-
mation may, for example, be selected by the method spe-
cifically for a given user based upon the user’s self-identified
health conditions at the time the user established his or her
account) and the like. Additionally and alternatively, mes-
sage button 406 (e.g., a “Share” button) may provide an
option by which the user may send (for example, via e-mail,
text message, and/or other online messaging system) his or
her “Aller-Rhythm™” display or symptom scores to another
person; for example, the user’s doctor, a social media
account, or a family member of the user. Moreover, a “quick
call” button 407 may be provided to connect a user to a
medical professional or specialist with options to schedule
an appointment, send a message, itiate a telephone or
video call, and the like.

FIGS. 5A and 5B illustrate an exemplary map interface
500 generated by application 110 1n a still mode and an
amimated mode, respectively. Interface 500 1s a map overlay
configured to apprise the user of current or historical envi-
ronmental conditions that may affect his or her disease
symptoms.

Application 110 1s preferably configured to present data
via interface 500 upon request by a user. Alternatively,
application 110 may present interface 500 upon application
start-up, when the user enters a particular geographic area,
as a desktop widget for continuous viewing, or the like.

Interface 500 may present data 1n a graphical format, for
example via map 501a or 3015. Map 501a presents a
snapshot of environmental data for a particular time and/or
a degree of risk of experiencing symptoms. For example,
map 501a¢ may correspond to environmental conditions in
real time, one hour 1n the past, one day 1n the past, or the
like. Additionally or alternatively, interface 500 1s config-
ured to present map 5015 in amimated form; for example,
showing the recent distribution and/or change 1n environ-
mental conditions and factors over a period of time 1mme-
diately preceding the current time.

Map 501a preferably comprises a background map 502
and an overlay 503a. Background map 3502 corresponds to
a particular geographic region to be displayed. Preferably,
intertace 500 1s configured to pan, scroll, rotate, and/or zoom
map 501a (including background map 502) upon user input,
in response to a hardware component contained in user
device 120 (such as an accelerometer or the like), according
to predefined display rules, etc. Preferably, background map
502 defaults to a display of a geographic region centered on
the user’s location. Alternatively or additionally, back-
ground map 502 may default to a home location set by the
user.

Overlay 503a provides a visual representation of one or
more environmental factors. In the particular interface 500
illustrated 1n FIG. 5A, overlay 503a 15 a heat map configured
to convey information regarding a particular environmental
factor according to color regions. Additionally or alterna-
tively, overlay 503a may comprise a plurality of pins or flags
configured to display information upon selection or activa-
tion by the user, for example, a user location.

In the particular interface 500 illustrated in FIG. 3B,
overlay 5035 may additionally or alternatively comprise an
ammated vector map created and developed by application
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110, such as a wind map, that may also be used as a
background for an overlay of other pollen, mold spore,
weather, and environmental data. In this example, each
particle 1n the amimated system 1s assigned a color based
upon a reference table obtamned from a second set of
environmental data (specifically, allergen data), as described
in more detail below. The particles constituting animated
overlay 5035 may be colorized to retlect the relative risks of
experiencing said medical conditions; for example, white for
absent, green for low, yellow for moderate, orange for high,
and red for very high. Additionally or alternatively, the
particles constituting animated overlay 5035 may be color-
1zed to reflect severity or concentration of one or more of
pollen, mold spore, weather, and environmental data. For
example, each color may correspond to a particular range of
pollen concentration.

In determining the relative risks of experiencing medical
conditions, data particular to the user 1s used. For example,
if a user has completed a questionnaire of the type described
above with respect to FIG. 3A, the relative risk may be based
at least 1 part on the user’s calculated hypersensitivity
score. Additionally, 1f the user has completed questionnaires
of the type described above with respect to FIG. 3B with
suilicient regularity, the relative risk may be based at least 1n
part on the user’s historical symptom data.

Moreover, the particles constituting animated overlay
5035 may convey information by other attributes. For
example, attributes such particle size (width and/or length),
particle density, particle speed, or particle shape may differ
depending on a physical quantity to be measured. In a
preferred embodiment, a combination of attributes may be
used to convey multiple attributes simultaneously. For
example, animated overlay 5035 may display particles with
a density corresponding to a real-time measurement of the
concentration of a particular allergen and with a color
corresponding to the relative risks of experiencing medical
conditions specific to the user.

Interface 500 may further include a plurality of map
options 504. For example, interface 500 may present the
user with a list of symptoms, allergens, data types, or the
like, and the user may select the particular elements to be
displayed via overlay 503a or 5035. Additionally, 1nterface
500 may present the user with a plurality of options regard-
ing length of historical data to display, speed and frame rate
of animation, update interval, and the like.

While the particularly illustrated examples show overlay
5035 as including a weather overlay, 1t should be understood
that a similar overlay may be included in overlay 503a.
Moreover, the weather overlay may include humidity data,
dew point, wind speed, wind direction, pressure, forecast,
and the like.

FIG. 6 illustrates an exemplary process flow 600 of
application 110 in an analytic mode thereof. Process 600
corresponds to a method for aggregating data, weighting the
data, calculating a score, and presenting the results to a user.
Individual steps S601-S608 are preterably performed by a
processing unit, such as process 103 of one or more of
devices 101, 120, 130.

The exemplary process 600 iitiates at step S601; for
example, based on a user input, a predetermined update
interval, an administrator request, or the like. Upon 1nitia-
tion, process 600 proceeds to step S602 and nitiates a data
accumulation phase.

The data accumulation phase includes step S603 by which
the process 600 aggregates user data and step S604 by which
the process 600 aggregates environmental data. Steps S603
and S604 may be performed sequentially (that 1s, 1n series)
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or stmultaneously (that 1s, 1n parallel). Additionally, process
600 may perform only one of steps S603 and S604 1f, for

example, only user data or only environmental data 1is
required.

Step S603 may comprise administering a questionnaire to
the user, such as a questionnaire of the type described above
and admimstered via interface 300. Additionally or alterna-
tively, step S603 may comprise aggregating historical user

data, such as user data contained i1n a database 220 of the
type described above.

Step S604 may comprise aggregating historical environ-
mental data, such as environmental data contained 1in a
database 220 of the type described above. Additionally or
alternatively, step S604 may comprise querving a sensor
network in real time to determine instantaneous environ-
mental conditions.

After all necessary data has been aggregated, process 600
proceeds to step S605 and 1nitiates a weighting phase. Step
S605, as described above, may also be implemented using
unique soltware programming involving a rule set, for
example from memory 102 or database 220 of the type
described above. The rule set may contain coethicients
corresponding to the weight to be given to a particular data
type. For example, the rule set may state that a user’s
responses to questionnaires are to be given the greatest
weight, data regarding pollen count are to be given an
intermediate weight, and data regarding temperature are to
be given the least weight. Additionally, depending on the
particular symptom or allergen being analyzed, a data type
may be given zero weight. For example, where process 600
1s analyzing asthma symptom scores, data regarding Peak
Flow Meter data and fractional exhaled nitric oxide concen-
trations (FeNO) are given higher statistical weight, and
graphed against environmental factors accordingly. Other
environmental factors may be given no weight 1f, for
example, the characteristic contained 1n the data type does
not contribute to the particular symptom being analyzed.

After weights have been assigned to all required data
types, process 600 proceeds to step S606 and initiates a
calculation phase. Step S606 may comprise simple addition
of weighted factors, collinear regression, historical user-
specific data sets, and the like.

An exemplary calculation phase may comprise modeling
a sub-score or the total score by the following expression

(1):

(1)

S:ﬂf[}+2£¥5'.x5
i

where S represents the score calculation, a, 1s a constant
term, X, represents the value of a particular data type, and a,
represents a coetlicient representative of the weight assigned
to the corresponding data type. The data types x, may be
represented as continuous variables or dummy variables.
Here, a, may correspond to the above-described hypersen-
sitivity score, with or without a weight.

Continuous variables may include any data type capable
of representation as a continuous range ol values. For
example, continuous variables may include, but are not
limited to, one or more of temperature, humidity, pollen
levels, mold spore levels, precipitation, ozone levels, par-
ticulate matter levels, and the like. For example, i step
S606, score S may be increased by a value a,_,, (or
decreased 11 the value of o _,, 1s negative) for each unit
increase 1n mold spore levels.
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Dummy variables may include any data type capable of
representation by either 1 or 0. For example, dummy vari-
ables may 1include, but are not limited to, whether wind
speed 1s above a threshold level, whether a thunderstorm 1s
expected within the next 12 hours, and the like. For example,
in step S606, 11 a thunderstorm 1s expected within the next
12 hours, score S may be increased by a value o (or
decreased 1f the value of o, . 1s negative).

Step S606 comprises analyzing and manipulating both
incoming environmental data identified above (e.g., envi-
ronmental data updated hourly or daily) and user’s symptom
scores collected as above and implemented using unique
solftware programming, wherein pollen and mold spore
information may be phase shifted by 24 hours, as such data
commonly becomes available 24 hours after the measured
quantity appears 1n the air; and visualization of animated
relative risk maps (as 1llustrated 1in FIG. SA-B) and graphic
displays (as 1llustrated 1n FIG. 4) are created and modified
by using the same unique software implementation to
account for eflects of precipitation (which decreases pollen
levels concurrently), updraits (which increases risks of
exposures to mold spores); and hourly and daily water vapor
images/data and soil moisture content (which aflect expo-
sures to airborne mold spores).

Preferably, step S606 comprises calculating a plurality of
individual sub-scores corresponding to respective symptom
scores and/or environmental-weather factor exposures. For
example, process 600 may calculate a pollen sub-score, an
asthma sub-score, a hay fever sub-score, and the like.
Individual sub-scores may be stored as i1s and/or may be
combined 1nto a separate total score. It the total score or an
individual sub-score exceeds a certain threshold, that par-
ticular symptom or environmental factor (i.e. allergen) may
be tlagged appropriately.

Step S606 may further comprise creating a data array
based on the calculated data. For example, the data array
may include a list of individual sub-scores along with their
respective disease-specific symptom. Additionally or alter-
natively, the data array may include aggregate sub-scores
and/or aggregate total scores corresponding to data compiled
from a plurality of different users within a given geographic
areca. This data array may be compared with changes in
specific environmental factors within the user’s (or users’)
geographic area. In this manner, process 600 may collect and
create data that reveals the probable cause or causes of a
user’s symptoms for one or more specific medical condi-
tions.

Likewise, the data array may comprise a listing of current
and historical environmental data collected and aggregated
from a database (such as database 220 as described above).
Rather than storing raw data, the data array may comprise
manipulated particle system data derived from vector fields
created by unique soiftware implementing process 600. In
this example, each particle 1n the system 1s assigned a color
based upon a reference table obtained from a second set of
environmental data (specifically, allergen data).

The reference table may provide a set of conditions for
labeling each particle in the system. For example, the
reference table may provide conditions for labeling allergen
data as absent, low, moderate, or high. According to these
labels, the system may be mapped 1n colors depending upon
the airborne levels of each allergen or pollution factor; for
example, white for absent, green for low, yellow for mod-
erate, orange for high, and red for very high.

After calculation and score-assignment 1s complete, pro-
cess 600 proceeds to step S607 and 1nitiates a presentation
phase. Step S607 may comprise presenting calculated data
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in one or a plurality of ways. For example, the calculated
data may be presented via an output interface such as
interface 400 described above. Additionally or alternatively,
calculation results may be presented 1n raw (that 1s, textual
as opposed to graphical) form. Still additionally, calculation
results may be presented in an animated vector map form,
for example depicting an individually-tailored risk of expe-
riencing allergy and/or other disease-related symptoms
based upon location such as interface 500 described above.

Step S607 preferably comprises the creation of an ani-
mated map, and/or a non-animated graphic that reveals the
relative risk of the user experiencing symptoms of a medical
condition previously selected by that user, which map or
display wvisualization depends upon responses (symptom
scores) of the user to questionnaires associated with that
specific medical condition. The animated map or display
may be colorized to reflect the relative risks of experiencing,
said medical conditions; for example, white for absent,
green for low, yellow for moderate, orange for high, and red
for very high.

Step S607 may utilize the data array created 1n step S606
to create a data wvisualization graph (1.e., an “Aller-
Rhythm™” display of the type described above with refer-
ence to FIG. 4. Thereby, process 600 may present an
casily-understandable visualization to the user that reveals
the probable cause or causes of the user’s symptoms for one
or more specific medical conditions.

Step S607 may additionally or alternatively utilize the
particle system data created in step S606 to create the
ammated map described above. In this example, each par-
ticle at each animation step 1s converted into polygons; for
example, using a Voronoi tessellation. Each such polygon 1s
then mapped to a color depending on the rule set described
above. Where the ammmated map 1s a wind map, step S607
may comprise determining 1f a wind particle falls within the
bounds of an allergen data polygon; 1f so, that particle
inherits the allergen data polygon’s color.

Preferably, the presentation phase presents individually
unique data visualizations to the user, corresponding to the
umique health status profile of the user. Additionally, step
S607 may present background data to the user, such as
articles, information, helpiul hints, common treatments, and
the like, corresponding to one or more health-related symp-
toms or associated allergens.

If any symptoms and/or allergens were flagged in step
S606, calculation results corresponding to those symptoms
and/or allergens may be highlighted or presented with pri-
ority. Furthermore, process 600 may query a database of
medical professionals (for example, a database 220) and
present the user with one or more of those professionals who
specialize in the diagnosis and treatment of the tlagged
medical conditions. The list of proifessionals may be pre-
sented via a separate output interface, which interface may
turther include options to schedule an appointment, send a
message, mitiate a telephone or video call, and the like. The
presented list of professionals may be based at least 1n part
upon user symptom data such as data collected by interface
300 described above, user location data, and the like.

After the results have been presented (for example, after
a predetermined period of time has passed or upon user
input), process 600 proceeds to step S608 and terminates.

FIG. 7 1illustrates an exemplary process flow 700 of
application 110 1n a monitoring mode thereof. Process 700
may correspond to a method for providing background
monitoring of health characteristics without requiring con-
tinuous user attention. Individual steps S701-S705 are pret-
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erably performed by a processing unit, such as process 103
of one or more of devices 101, 120, 130.

The exemplary process 700 mitiates at step S701; for
example, based on a user input, application start-up, an
administrator request, location data, or the like. Upon ini-
tiation, process 700 proceeds to step S702 and initiates a
user mnformation gathering phase.

The user information gathering phase may include acquir-
ing location data; for example, from a Global Positioning
System (GPS), via cellular tower triangulation, via data
corresponding to local Wi-Fi hotspots, and the like. Step
S702 may additionally or alternatively comprise receiving a
notification message from a centralized server, or may
comprise receiving a signal from user device 120 indicating
that user device 120 has received a particular Radio Fre-
quency Identification (RFID) or NFC signal.

Once the user information gathering phase has completed,
process 700 proceeds to step S703 and determines whether
any warnings and/or messages are required for delivery. If
step S703 determines (“Y”) that warnings and/or messages
are required, process 700 proceeds to step S704 for sending
the warnings and/or messages. I step S704 determines
(“IN’) that no warnings and/or messages exist, process 700
may skip step S704. Afterward, process 700 may terminate
at step S707. Alternatively, process 700 may return to start
(that 1s, step S701) upon termination.

Where process 700 corresponds to an environmental alert
warning system, step S703 may alert a user of environmental
risks when process 700 determines that the user has entered
a high-risk area. For example, where process 700 determines
from the user information that the user has entered a
high-smog area, process 700 may alert the user to that effect.

Alternatively, where process 700 corresponds to a mar-
keting system, step S703 may alert the user of special
marketing deals and/or discount coupons offered by nearby
medical professionals, clinics, pharmacies, or the like. For
example, where process 700 determines from the user infor-
mation that the user i1s near a particular pharmacy (for
example, a marketing partner pharmacy or a pharmacy
which stocks a marketing partner product), process 700 may
send the user an electronic coupon for the particular phar-
macy and/or for a product to treat a particular symptom or
allergen. Preferably, the electronic coupon or marketing
offer 1s time sensitive and will disappear from user device
120 after the expiration of a predetermined time period; for
example, several hours.

With regard to the processes, systems, methods, heuris-
tics, etc. described herein, it should be understood that,
although the steps of such processes, etc. have been
described as occurring according to a certain ordered
sequence, such processes could be practiced with the
described steps performed 1n an order other than the order
described herein. It further should be understood that certain
steps could be performed simultaneously, that other steps
could be added, or that certain steps described herein could
be omitted. In other words, the descriptions of processes
herein are provided for the purpose of illustrating certain
embodiments, and should 1n no way be construed so as to
limit the claims.

Accordingly, 1t 1s to be understood that the above descrip-
tion 1s mtended to be illustrative and not restrictive. Many
embodiments and applications other than the examples
provided would be apparent upon reading the above descrip-
tion. The scope should be determined, not with reference to
the above description, but should 1nstead be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. It 1s
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anticipated and intended that future developments will occur
in the technologies discussed herein, and that the disclosed
systems and methods will be incorporated into such future
embodiments. In sum, 1t should be understood that the
application 1s capable of modification and variation.

All terms used 1n the claims are intended to be given their
broadest reasonable constructions and their ordinary mean-
ings as understood by those knowledgeable 1n the technolo-
gies described herein unless an explicit indication to the
contrary 1in made herein. In particular, use of the singular
articles such as “a,” “the,” “said.,” etc. should be read to
recite one or more of the indicated elements unless a claim
recites an explicit limitation to the contrary.

The Abstract of the Disclosure 1s provided to allow the
reader to quickly ascertain the nature of the technical dis-
closure. It 1s submitted with the understanding that 1t will not
be used to imterpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
can be seen that various features are grouped together 1n
vartous embodiments for the purpose of streamlining the
disclosure. This method of disclosure 1s not to be interpreted
as reflecting an intention that the claamed embodiments
require more features than are expressly recited in each
claiam. Rather, as the following claims reflect, inventive
subject matter lies 1n less than all features of a single
disclosed embodiment. Thus the following claims are
hereby incorporated 1nto the Detailed Description, with each
claim standing on 1ts own as a separately claimed subject
matter.

The mvention claimed 1s:

1. A method of presenting real-time health information,

the method comprising steps of:

(a) administering by a user interface associated with a
mobile device, a virtual questionnaire to obtain 1nfor-
mation regarding the user’s symptoms,

(b) determining the location of the user using a location
determination circuit associated with the mobile
device;

(c) obtaining environmental data from an internet-acces-
sible database corresponding with the user’s local envi-
ronmental conditions at the time the questionnaire 1s
administered;

(d) automatically by a processor associated with the
mobile device determining the health status of the user
based on the user’s response to the virtual question-
naire;

(¢) storing the health status of the user and corresponding
environmental data 1n a data store associated with the
mobile device;

(1) developing a data structure from which the health
status of the user 1s correlated with the user’s local
environmental conditions to 1dentify causes of symp-
toms for the user;

(g) repeating steps (a) through (e) a plurality of different
times, and recorrelating health status with the user’s
local environmental conditions to refine and enhance
the data structure;

(h) determining at predetermined times the location of the
user using the location determination circuit of the
mobile device;

(1) obtaining current or predicted environmental data from
the internet-accessible database at the location deter-
mined 1n step (h) contemporaneously with step (h);

(1) predicting future symptoms based upon the data struc-
ture and current or predicted local environmental con-
ditions determined 1n step (1);
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(k) determining whether to deliver a warning of environ-
mental risks that are predicted to induce symptoms in
the user; and

(1) presenting by a display associated with the mobile
device a visualization indicative of the future symp-
toms 11 1t 15 determined that a warming 1s to be delivered
wherein presenting the visualization includes:

generating a map 1mage;

overlaying a plurality of animated particles over the map
image; and

displaying the map image and the plurality of ammated
particles on the display.

2. The method according to claim 1, wherein a respective
attribute of a corresponding animated particle 1s based on at
least one of a relative risk of experiencing a symptom, a
level of an external factor, and a past user health status.

3. The method according to claim 2, wherein the external
factor 1s at least one of a mold spore count, a weather status,
a pollen level, and an environmental data.

4. The method according to claim 2, wherein the attribute
1s at least one of a particle width, a particle length, a particle
density, a particle speed, a particle color, and a particle
shape.

5. The method according to claim 1, wherein presenting,
the visualization includes:

generating a graph, the graph indicating at least one of a
series ol past user-specific health statuses and a series
of past external factors; and

displaying the graph on the display.

6. The method according to claim 1, wherein presenting
the visualization includes:

generating a promotion for a product or service related to
the 1instantaneous user health status; and

displaying a selectable 1con corresponding to the promo-
tion on the display.

7. The method according to claim 1, further comprising:

receiving by the user interface a request for contact with
a professional; and

in response, establishing a connection between the mobile
device and an external device associated with the
proiessional.

8. The method according to claim 7, wherein the connec-
tion 1s one of a telephone connection, an instant messaging,
connection, and a video chat connection.

9. The method according to claim 1, further comprising:

periodically by the processor determining a predicted
likelihood of a symptom occurrence; and

if the predicted likelihood of the symptom occurrence
exceeds a predetermined threshold, generating a noti-
fication message and displaying the notification mes-
sage on the display.

10. The method according to claim 1, wherein the virtual

questionnaire 1s a virtual hypersensitivity test.

11. The method of claim 1, further comprising displaying
the user’s forecasted symptoms over a period of 4 to 7 days
based on the data structure and predicted environmental
conditions over the period.

12. An electronic system for presenting real-time health
information, the system comprising:

a data store; and

a mobile device coupled to the data store and programmed
to:

(a) administer by a user interface associated with a
mobile device a virtual questionnaire to obtain infor-
mation regarding the user’s symptoms,
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(b) determining the location of the user using a location
determination circuit associated with the mobile
device;

(c) obtaining contemporaneous environmental data cor-
responding with the user’s local environmental con-
ditions;

(d) automatically by a processor associated with the
mobile device determining the health status of the
user based on the user’s response to the virtual
questionnaire;

(e) storing the symptom score and corresponding envi-
ronmental data 1n a data store associated with the
mobile device;

(1) developing a data structure from which the health
status of the user 1s correlated with the user’s local
environmental conditions to 1dentify causes of symp-
toms for the user:

(g) repeating steps (a) through (e) a plurality of differ-
ent times, and recorrelating health status with the
user’s local environmental conditions to refine and
enhance the data structure;

(h) determining at predetermined times the location of

the user using the location determination circuit of

the mobile device;

(1) obtaining current or predicted environmental data
from the internet-accessible database at the location
determined in step (h) contemporaneously with step
(h);

(1) predicting future symptoms based upon the data
structure and current or predicted environmental
conditions; and

(k) presenting by a display associated with the mobile
device a visualization indicative of the future symp-
toms, wherein presenting the visualization includes:

generating a map 1mage;

overlaying a plurality of animated particles over the map
image; and

displaying the map image and the plurality of animated
particles on the display.

13. A method of presenting real-time health information

for a user, the method comprising:

(a) administering by a user interface associated with a
mobile device a virtual questionnaire to obtain infor-
mation regarding the user’s symptoms;

(b) acquiring time and using a location determination
circuit to acquire location data for the user at a time
contemporancous with the administering of the virtual
questionnaire;

(c) obtamning environmental data corresponding with the
user’s local environmental conditions from an internet-
accessible database at a time contemporaneous with the
administering of the virtual questionnaire;

(d) automatically by a processor associated with the
mobile device determining the health status of the user
based on the user’s response to the virtual question-
naire:

(¢) storing the health status of the user and corresponding
environmental data in a data store associated with the
mobile device;

(1) developing a data structure from which the health
status of the user i1s correlated with the user’s local
environmental conditions to i1dentily causes of symp-
toms for the user;

(g) repeating steps (a) through (e) a plurality of diflerent
times, and recorrelating health status with the user’s
local environmental conditions to refine and enhance
the data structure;

e
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(h) determining at predetermined times the location of the
user using the location determination circuit of the

mobile device;

(1) obtaining current or predicted environmental data from
the internet-accessible database at the location deter-
mined 1n step (h) contemporaneously with step (h);

(1) predicting future symptoms based upon the data struc-
ture and current or predicted local environmental con-
ditions; and

(k) presenting by a display associated with the mobile
device a visualization indicative of the future symp-
toms; wherein presenting the visualization includes:

generating a map image;

overlaying a plurality of animated particles over the map
image; and

displaying the map 1mage and the plurality of animated
particles on the display.
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14. The method of claim 13, wherein the location data 1s
acquired by the device from Global Positioning System.

15. The method of claim 13, wherein the location data 1s
acquired by the device via cellular tower triangulation.

16. The method of claim 13, wherein the location data 1s
acquired via data corresponding to local Wi-F1 hotspots.

17. The method of claim 13, wherein the environmental
data 1s obtained by the device from a database.

18. The method of claim 17, wherein the data in the
database 1s accessed via a wired or wireless network.

19. The method of claim 17, wherein the database 1s a
weather database or public record database.

20. The method of claim 17, wherein the environmental
data comprises at least one of temperature, humidity, wind
speed, wind direction, pollen level, mold spore level, virus
prevalence, precipitation, ozone level, particulate matter
level, and barometric pressure.
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